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(I AESTEACT

Ihe scoj~e of t,'-is thesis is twofold. !he firsEt is to

rovidE a methodolocy for thE Eerf-ormarnce measuremEnt ofII

datahasce s~ztems. Ihe second is the applicaticn of this

methcdclcyy to a SFEcific database systemi in an attemlt to

vterily the applicatility o f this methodology and the

perfcimance and capacity claims of tne database system.

CAs a methodology, the thesis descrizes the stratEe.

and Iccatiots for thE placement oi checkoints, the kinds of

pefcrwarcE data to te collected, ti-,e er~vironment icr the

conduct cf th~e pericrmance measuremten-t arnd the intEr~reta-

* tion cf the results. I-Ine of the iaost important ccrntritu-

tions of this methodclogy is its caj~ability to on-taiL actual

measUrEMEnt overhead aaxing the 1;resentation of truly accu-

rate rcEcItE possiblE. As an appli~cation of this wEthcd-

cio~y, ike attempt tc validate the performance and capacity

claims cf a, experimental muJlti-bacxEnd database System

known as 2MDBS. Surprisin.;ly, these ciaims nave b Een

validated.
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I. INIECDUCTION

A. A 'IESIS OVERVIE5

The score of tnais thesis is twofoid. The fir.t is t3

provide a methodclogy tc use in the perrormaLce measurement

cf a database computer. The second is the aji1icati.n cf

thiis meth;cology to a specific database system and the

attempt tc verify the performance and capacity claims cf the

target s stEm.

The datahase system Lein. evaluated is an ex:ErimEntal

multi-tackerd database system known as MDBS. The basic

desigt goal of MDBS is to develop an arcnitecture which

spreads the work of the database management among multijie

lackerds. MDBS makes two basic claims in its design. The

first is that by increasing the number cf backends used as a

part cf the database computer and by keeping the size cf the

database ccnstant, the response time of the same tzars-

acticns is propcrticrally decreased. Tae second claim is

that t increasing the number of backends and also

increasing the size of the database, the respcnse time

remains relatively cCnstant.

Ic ccnduct the performance measuremient of M.DBS, various

checkpcints and data collections are incorporated intc the

system. Although all checkpcints aud data collections are

selected tc provide the greatest amount of useful infcrma-

tion and to incur the least amount of overhead, scUe cver-

head is unavoidable. A quartitative method for measuring

tIe cverhead incurred is therefore provided. The perform-

ance results of :IDBS are then accurately adjusted using the

Cverhead calculation. in this way, a truly accurate aeas-

uzement cf the systea may be cttained.

1;



As a mEt..odoio.y, the thesis dzscrines thE stratt ies

and ccdticns of the checkpoi,,t -acement, t. kinds j dataJ

cn rEricrmarce ccllected, the ways in which the perforzaLct

xeasurement were conducted and tne interjretatior or the

res:ilts. !aybe of ,reatest iaportance is the ahilit, to

ca.lculate actual measurement overhead aliowin Lor taE jrEs-

e.tdticn of truly accurate results.

In this thesis, we will focus our attention on the

res'cnse tine of the work bein- Jone by the database system.

e will nct focus on the throughput. he-eas the thrcuSLhut

i -s lefinEd as the average number of aser requests executed

ty the system in a sEcond, the response time of a re~uest is

the time hetween the initial issuance of the request h y a

user and tie final receipt of the entire response set of

this request by the user [Bef. 1]. Since the ma jcrity of

the reyuests processed by a database system are re-uests rcr

the rEtrieval of information, another limitation is made to

the scc~e oi this thesis. We will focus on the perforeance

(easuLeXent of the resionse time of retrieval requests in

MDBS. EoFefully, trese evaluations will verify the claims

of MEBS and also Erovide a general methodology fcr the

FerforMarce measurement of any database system.

E. TEE CEGANIZAIION CF THE THESIS

This thesis is cganized into six additional chatters

beyond this overview. Chapter II describes our perfcrmance

zeasurement methcdolccy for database systems. It initially

discusses the need for such a methodology and continues with

a separate discussion of both the internal and external

perfcrmance measurements. The chapter then culminates with

a discussion of tne ccmbination of the two Eerformance meas-

urements, thus providing the methodology to calculate and

adjust fcr internal performance measurement overhead.



Charter III Iresents an cverview or the target system,

MD3S, u-Ed to avply te -erformance oedsuremeLt mn;tLcdcI),y.

A general discussion is giver, or the attritute-tased diatl

model, the directozy tables, tae process structure, the

message typEs, and tie execution oz a rzetrieve r..xst.

The application cf the performnace neasureent th.cd-

c'o~y tc the target system, IDBS, is presented in Chapter

P1. The rEduired mcdizications to the MD3S software nEeced

to ericrm the measurements is discussed, along witn a

discussicn of the cdifications to the test envircrnEnt

required to control the measurement results. A descrition

cr tIe additional software used zor both inter-computer and

iner-Erccess message processing measurements is aiso

Erovided.

Chapter V presents the ccnstruction of the test database

and tIe selection of the requests used in the perfcraance

measurements. In this chapter, the design of the desire'

test datalase is first discussed. Due to system

constraints, only a subset of this design is used for

testing jurposes. TIe chapter concludes with an analysis of

the zEguEsts used in the rerformance measurement.

All the thesis wcrk is trought together in Chater VI

with the presen ta ticn of the performance measurement

results. since the goals cf this thesis are to verify the

Ferfcimance and capacity claims of MDBS and to provide a

methodclcgy for the kerforzance measureaent of a database

* systeN, only the tests needed to obtain these goals are

FerformEd. In the chapter, results are provided for the

external and internal performance measurements, and the

results cf the messaCe processing measurements.

Tie thesis ends with conclusions in Chater VII w;.ich

can Le made from the results. It provides a summaticn 'or

the entire thesis aLd offers suggestions in future work

which needs to be dcne both with the methodology and with

14



t.,ie 1EaEEent cf MIEES. It is Lo~e1 that this theazis will

iroVIGE d scuILd iethcdollo~y for tne perf ormanze auert

4 ci ",ataLasE systemus ard alsc £-rovide a deii~itivc verifi~ca-

tion cf thE ierfcrmarcE and capacity ciaims a: '!-LIS.



CII. E'lFORMANCE MASUREPIEN'I METHODOLOGY FOR DATABASE
S YS1EM1S

In. tr~is 2na~dter, we jresent a Zj[:u:a mEas~jrEiEnt

mt:t;.o~cic:y for datalase systt--s. :.i, aiethodology rE-:ui.LeZ

t.*t- ccllection cf Lcth j1ntEznal a.j External ;erfcrxance

mi.a s u re I E;ts Th1ie irt h eixozmnarcE adsuzemnent metlhod-
Ciaj is the Collection of mEtriots and toolIs which w I!!

Eidl A hEtter undersEtandinj c.- the ta:.,et systtm ty mzeas-

urin ccrtain capjab ilities 3z t.hAt systt :m. in rnEasurir

ce:rtair capdbilities ctE t:.e systEu., Wei fC)--J On t'E !rEasire-

ztnnt c i tine s.Ent in irndivijaal rzocesses 0a: t..t target

sVstca. rhc extErr.al performance measuzer nt metr.cdciccv is

t:,e CCIlECtiOl ct methods an"' tools wfticr. will EnatlE the

LttEr undErstanling c.- the target 61stEm by meas'urirS the

=5ystEa as a whole. In measuring the system as a whclt,, we

focus cn- the measurEffEnt Of t E e ro:1Se tine of" thE t3Zrjt

sCYstEi. li.e responsE tine in a dataDaSE sy-SteI is EfirE"

in [Bet. 1] as the tizle between tae initial issuance o- tr.,:

request hy a user and the f i alI receipt of thE Entire

resFcrse set of this request by the user.

In the rest cf ti~is ciiajtEL, we begin by exawininq th.,

nee d f or a database s yste m and the subt-tjucflt rEE~ to

measurE the j erfcrmaLCE of the system. WJe then disCuss a
yenEral jerzormance r[Easurement inthodolojy, addressr.; i~cth'

interrd.1 and external perf crrance measuriiement as sc- -arate

issues. Finally, we conclude the chapter with a discussio,.

c.f th-E ccmLinat Ion cf internal and external erforz'ATcu

XL-asureT'Ent results tc rovidt- a campletE Tetnodoicg~y.



A. 'IEF NEEL

sjondin tc the need for infcrnation. A datatase is a

repository for the stcrage of information on a comnuter, any

item cr comlination cf items of which can he Easily accessed

in a relatively short timeframe. A businessman may dEsire

all the latest pieces of information to make a mar ageiEnt

decisicn. The combat field commander may desire comnplete,

up-tc-trhE-minute repcrts to arrive at a tactical decisicn.

Eut there are jerformance and capacity problems that

must he cvercome in iroviding this information. As an ever

increasing amount of information is stozed in a database,

the reEpCnse time cf the datahase system increases notice-

aLly. In addition tc the increase in the size of the data-

base, there is the effect cf increasing the number cI users

accessing the system and the numier of requests tc be

ErocEssed ly the system. Thus the user must select tetween

the respCnse time desired and tne information desired, a

choice the user does not want to and should not hav; to

make. The database system needs to be easily upgraded to

accommodate new users and to increase. the datdaase size

without noticeable ctan~e in response time. This is the

nel for the resionse-time invariance in a datazase system.

Anctfer problem is in the timeliness of a response. The

database system should offer a dependable, constant return

rate fcr the response to a request. 4hen respcrse time

becomes unreasonably long due to the computer workload, the

user will he frustrated. A user desires to have every

request returned in a timely manner. This is the need ior

resgcnse-tize consistercy in a database system.

A final problem is to insure that all necessary infcrza-

tion is available to the user. incomplete informaticn is of

little use. For exazple, a user may require all re~uests to

F-



have a respCnse withir a specified timetrame. !iis requne-

Int cften dictates the maximum size of the 2atabase an the

maximua ruater cf requests. Therefore, aL und sireatle

limitaticn is placed cn the aacur.t of information availani>

due tc tie limitaticr on datahase size. Again, the user is

forced into making a tradeoft betieez the rEsponse tiNE an:,

d the availatle infornation. Nevertneiess, despite the

respcnse tine, such informaticn should be made availatLE to

the user on demand. This is the need for availatilitv o:

inforzaticn in the database system.

Iherefcre, not cnly is there a need for a dataLase

system, there is alzc a need for a database system with the

uaiitiez cf Invariance, Consistency, and Availability

(ICA). But ICA can 1E present in varyLng degrees in a data-

tase system. The degree of ICA can best he demonstrates ty

the ierfcrmance measurement of the database system.

There are two basic types of database systems. -he
first is an online scftware database management system that

runs cn the host comwuter system. The second is a dataoase

machine, which off1cads the database functions tc a dedi-

cated tackend computer. The current trends in datatase

systems invclve the design, impltmentation, and use cf data-

base machines fRef. 1 tarough 8]. Jct only is there an

apparent imjrovement in ICA with a corresponling price per

Eerfcrmance advantage, but a datanase wachine can free up

resources at the host, provide support for multiple, dissim-

ilar hosts, and increase the security on the database bv tne

physical sekaration cf the database and the host. Zue

primarily tc the trerd toward increasing ruture use cf data-

base machines, this thesis will concentrate on the discus-

sion and application of the methodology for measuring the

database machines.

A database machine is a database system composed cf one

or more processcrs, dedicated to performing the database

0.

0.

L



I

MandhEziPrt functions. It is rsp'ta;le that a iata1 as,:!

C. ire is t , LettEZ Of tae two tyes od t~as= _.<v-tEIS

wItA re JI:2s to iroviding an icreask in stcu:ity, aLlc RIL

for uUitiie host suppor t, and mreeinli 11 tht LCst

rtsources. 5ut there still exists the ne:ed to iemcL.,tratt

at, imprvement in the ICA on a database maChIne cvEr the 7CA
irovideu ty a hcst-resident dataLase system. At the same

time, there exists a need to ccmpare the invaria:.ce, corsis-

tenc and availability cf several difrerent datatase

aachines and software systems. Again, this can LESt tz

demonstrated by measureing these systems.

Eei cnse-time consistency is more easiiy achieved i L

datalase aachine that in a dataase system running cn the

host. Whereas the host must share its resources with a

varying wcrkload, the hackend can dedicate its resources or

datalase management. Availability frees the Latanase

Administratcr from the necessity to aake tradeoffs between

the size of the database and the response time. The adminis-

tratcr can then lbad the database with all the necessar1
information regardless of the database size. To achieve and

verify the response time invariance of a database zachine,

a methcdclogy to measure its effectiveness nust be

develcjed.

1hus, the scope cf this thesis is to provide a Eer'oZm-

ance xeasurement methcdology fcr database machines and to

verify this methcdolcSy by verizying the design claims O a

specific database machine, known as 4DBS. Again, these

claims are related tc the quality of response time invari-

ance; that is, tc be able tc change tae size of the database

and at tie same time maintain constant response time cr to

hold constant the size of the database with the atility to

reduce the response time. Conse.ueLtiy, the measureMert of

tie respcnse time of a database system becomes the focal

oint cf our studies. if the response time can be irc~erly



and dCCU.Ldtt*J MItdS,11E', thE ClamZS Of tiize tar -- t s ysti- i car.

h' vErifiE'l. Tiirt!.Ericze, ti-e e:fective,-ess 3' th,* m~t,.cd-

c CI o,3 c ir also he vEr:mfi-d. A rotez C.af~eto th

r~jn~tiae cai :zcv .ckt a has'ejjflc- MneaSur-Mt!-t t~ 3Li C:

ctner atahase syst~as can ne ccmiarei and thus jrCVa1E

ricc-pErfczmancE ccu~ariscn. of va r.ous systems. % is

*thesis r cvi e s an ovtrn Eau2-.r ee p-rf or~a Ct- meas U zEnnt

nethcdclcgy anzd a p jIie s this met hodo lo, y to verify t 11E

claims of an expezrimEntal datahase macniite.

B. "4EH APPFOACH

In this section, we iiscuss a genieral methodology to ze

used in the performance measurement of a databasE SyStEM.

1rhis atthc~clogy is cEneral and canl be appliel to any cther

datahasE system. WE first discuss thle internal pefcrmanc:e

measurEmEnt. This ircludes the design considerations, the

soithara- Engineering criteria and the a.-plicaticr. of the

meth'-cdclc~y to a pazticular system. Theni we FrEsent a

discuszsion olz the external performance measurement, a gain

discussinJ the lesi~z considerations, the software En gI-

neering criteria, arnd the app lication of the methcdclocv to

a particular system.

1 . A lEtnodolog for I nt, rna'. PzerzormancE :MeaSUZEME:lt

T4he goal of the internal performance measurEME-t

methcdolc~y is to Irovi'le mEthods arii tools which will

0EnablE is to better understand the tar,:et system ty zeas-
urinyj certain aspects OfL that system. A complete under-

standini. of 1how the system performs internally may lEad to

desi~r mcdirications cr to f in-e-tUn in j of the system ZOE

if. LttEr per for ma nce. The intErnal performance mt-a uEl EEMnnT

tcjols slhculd be unottrusl've to the u e I: avallabic en
ntecessary, yet out of the way wnea not re uircd. TnEy should,

02



Le irnte ratEd with' the targEt s*Stze: to prodiuctz a Earooth

tranSitICE 'rEtWE~znF target SlStEs orelrat.1o. a.nJ t:,,= Jlter~tio!

( o thE tccl. in the first jart of tais sectio., we aijCLrtss

th e d Es i - CoLs~JEraticlis cf internal ocdie u

xtnt irEtn-od~i. N -xt, we disciss ctrtain s rtw,_re ei. E E r .

cr-itEria whicii are ai~licablc to taie lesi:O-n oz oi m ~e a ure -

ztent tcls. F inall11 we exjlore tzt= applicatiIr c- thc
rtrr1~e::.frmance neasurement u2tniodoio~gy to a Particular

E YS St E C

a. LesiJn CczsIderaticns

Internal ijerlforuancE MEaSureme-t. r eli E s oni

ch-eckEcirntz internal to the iatanadse System software. A

checkpcirt is def ired as a iroceidrai invocation inscErted1

into tne s-ystem's ficw of controi to call the -erforzance
ZEaSUrEMErt routines which are used for the aata CCldECticn'.

SyStEll ovErheal is irtrodlicEl as eacin cneckpoint is added to

ti.e tarjEt system. Addi-ticnally, mt-a zur e mk-nt software is

( riairE tc rcs tiE checrxjcint lata in a mann~er coa: at-
il' 'with t .e existir., tarjEt syStem sj:~warE. T 4"a t i S , a
cujrtain FCrtrOL of thE mea -ure ae;A 5o.,Ltwar,- Must h E i nte -

iae ith. the tdrE~jt SY.htEm s Ofrwdle to han-lle Evcr.ts 61cn-

*as "data Etcra- , mes~a lassrr: and InfOrIDOtiOTn -rCCEsrn

that zelate to t~e ciEcK'oi rt lata. :in Aiv the existin.g

tarjEt system softwarE a rE&.uir*_ Citioflhl larc;S of CCdE

to rIanilE FEW cases irtroduace( L", tr~uit csJ:en yt~

IT' mcst C~ttrnal -Erformar.CE mIeasaircmErtf c v tr-

heal is reglr.giALle. Fowive r i Lt,,rna me asire .1enLt rcuJtnc

ad c. s i gn if ican t cv erh Ea d to t h E latdba se s st em w a 1c r c an o t

te disrEzardEd. For internal measurement, WE Mist discovez

ways tc rEduce tne3 cvei~head cezneratel ry t Le ieas urEm~nt

softuare. ' e must also he able to measure thE CVErn-Ead!

wich carnct be c-limiratedI, sc that the measurementE can be

a'juntc Ac,:ordlir~ly. A very i.±i~otart rE(iirtnert iE that



tL~Exi-Stir.' tar~et .Systtf1 Iust- Maintain the Cd~aLi.Lity of
ruz-rnir, cr.iirptjeed by tte additionai medzize,%trEt soztwarE.

Consideration naust -'e J.iven to t:le level ift thce

targEt Systcm w:'.Ere checkpoints mdiy ot giaced. Sonie EcssiIiE

1,tvels are at the very higi level, i. e. , tne systex level,
t.-e hig:. level, i.e. , the prcgram level, tnE 2ediul lEVEl,

i.e?. , tte Eubroutine 1evt-l, and the iow level, i . E., t E
subrcutine se gm ent level. ibereas external nErlormanc~e

measuziemEnt only pl~acEs checktcirts at trie very high lEvEl,

i terra L FerformancE measurtement piazEs checkpoints IiOW

tidat level. ChEckpcints must t,- Placed dt a level wh.ch,
ErodUCEs data in sufficient detail to providie the user witli

a basic undErstandinic cf the syste:m's performance character-

istics. Checkxpoints should rnct he placed at a level sc low

as to ovErwkielm tre cser with detailed data or to interf:ere

--.L,:ific:art.Ly with system performance.
For internal performance measurement, the azer

should have tae capatility to access selected data cut of a

range cf possible choices. The user should rot be re.-uired

to rECeive information about processes which are not o f

current interest. The interface should be easy to use an.d

should not distract tie user fLrom his primary goal. ci under-

standing the datanase system by re.uirin3 the user to

remEmher the uni.;ue syntax or semantics ojf the test inter-

face. lie collected zeasurements should be made accesszitle-

to autcmatcd processing routir~es for data reduction.

t. Software Engineering Criteria

lea sur em o-rt software should be designed using

modern scituare enginEerillg methods. T he resulting zoftiaari

should LE understandatlE, maintainable, reliable and coziat-
ible with the target syste m. Certain software enginec-ringj

metncis are of l rticular interest. These methods are 7ouu-

lazizaticn, isEr-frienldline6S, da ta abs trac t ion anI,

Eim~lcity



. ~ ~ ~ ~ L ZEUdai t>~n U.e J U~ rCsai to ct tz~

kext'LrIci to cnctcj'%OiTtS rut consiuered IF thie in~itial s~a

flcutic~s. T., t tst intEzf ace shoull presEnt aii ea Ey-to- is,:
me t 110d 0or 0 bt aI ni L test data. It s.nould a utc;=aticallv

d~grE~dtE "dtd whIle still allowIn. tae User- to access raw

da t a 7l user should riot have to renMb:-Mer thE SPECiC

S a tax and semantics Cf tLe test Lnterface. Data atstrac-

tion Eho~ld be used sc that suhse ,uent proram moli.:jcaticns

do net res ~lt in ex tEnEIve reEfrgrasing. An, a pro Fri at

Coo).CEc f primitives ( data structure and oiperations w iil

-a lcw for Easy changE and produce less system overhEao. :fle

ZEasurEMErnt system shculd be user-frieaaly. IL additic;. to

co'eying the simplicity rinciple, thle test interfLacE sIhould

tt= forgiving, i.e., system should not crash on bal irnjut,

IrovidE readablE errcr diagnostics, anticipate errors, and

4guard6 a uainst th cse Errors.

c . ISSUES in the Application to Database SVStE7s

Applicaticn of the interal perforaiance irEazure-

n ent nEthodclogy to a partIcular database system rEguires
thadt the evaluator understand certain, aspects Of the tar,:et

svstEm. 7he evaluator m ust understand the pzcqrammin~j

lanjuagE used to ccrstruct the database syst,=L, and th e

structure and opEraticn, of the datauase systerd. ThE evalu-

ator must bE prepared to overcome obstacles presented by the&

tdr]Et sVstEM in thE course of tne implementation of the-

pe-rfCr mance mea surem Ent.

A thorough understandinj of th-e ogcrammin,3

.1isouage is necessary to successfully integrate checxpcin~ts

and data ccilecticn programs into the exiLsting zoftware

'tEUCtuLE. Cne must be familiar witii the data structures,



c'oitrcl s tructuLEs, rL 'ina c aLve 1, L1') , ., ja I i:t r-

a~ssifl iEcrhanisms of tfl I , e ia i a . z f t 0D

ti;.e IrEa5Ur22E:et j roczLaL.s 1":': to If1

CVt-Edd. XfLOWII;fdC Cf tLe il,:rjId. 'j : X~i c-:IC-:s o;n

c"Ieckic irts must L.e ccri::ect I rLdCe-1 LL t.,= ~t aae ~S.,E nc.

'CertCraarLE medsureirEnlt 1y rovidh. js' Ies data to t:

user . T r'Ee evclu a to r aust jo zse ss 6a t:ioie Lt K ow J. e or tL

t.arpEt syst(,m to ailcw for the correct lcLmto

points. 71iis proV.ljES the SlIOCt~ in-tegrat.IOn of idta CO-Ii~C-

tion jrcgrazs, data processing~ jro~rams an,. data trarslez

* ,io~ra~s into the existin datatase,% s,-stei.

Ca nce s are that the ta z eC svstEx, W he a

irnitially dtsigLEi, wa~s not designed with inter;,al erfo:.-

a..:,=- irEasurcment in. zn. InstEad, the tar. et s;'stEz was

desigriEd to p~rocess all re-uEsts efficietl-ty. intEgratio.
c:: thE irternil jerfcrmance MC-asuremnent roatirnes mayi afl:Ect

tne tar3Et 6yStea in unexpecte-d ways. Let us considerz two

Exani~1es cf suc.h ways. Fir st, i - a Messa. E-passinj syStLE:,

messa Es jCeLeratEd I' the ffeasuremernt irojrams may rEpdi1re

nodificdtiors to the existing datatase systt-fl so that tEst

messa E:S iili not be confused with tae messages ot tz-e d'ata-

haSe EVStteM. Second, the vciumwe uf inojatc nErdteo- L.:

S the mEasurELEnt pro, rams may overload seiected sccticr.s of

t'he tar jet systear. 7he evaluatcr of tne pzerformance r s

UreTEnt EoUtines M USt -'-e prEpared Zor sacr, jjontiLnErcits.
ry asinj t re k;,cw le dE o f t rec ~r ogra zim i n 'Lania. a 3 C.j

xith thz krnow Ied.- c. tat; database syst,,-:, tn reEVIalutor

MUS t -' E r r- ' to c t r s c 'jt.1 C L to the.t data t'A se 'i i i s -

tratGL cnr' -c-, to JracEfdLly inteorat e tlhe perfor:.aLce rEas-

ureaiErt m*:-cha n IsMs I I to th E t d : ,et 't M w It.n L I

Modificjticr aind withcut ovcrcad.



:hE tjo)al Of tt:Ern a i r .-I,, C~i iL : t I t~

o ~v id~ a ccdltcction c.: i :itoS i% to)Jls 16-1.21L W1I.i 7ai

U S t C L t t E I dE rsza t an IE ti:, ,et S ,Ste:, S1 adII L

:Ss:l as A a whlole. t h is w av W dn I e A S U t h E t 't a

ufir. th E response time or t he S S t t:: t h teacs d i t 1 0

hEtWEEn- tht iS S Ua11C~ fzJ a I:E dESt ad, t e :Z1 t C t

repL~Etc ti~e re IEt

itErnd. ,erfor~aan-cE xeasareaitr.t his ;,s-n soo 0W:

E4 Ce L .ii11 i r t '- fI , U- t ' ,n J of I S7Stte, '1 1 in r

I.aCrcEcoiic eyxamillaticn of t:"EW0 o: kan I e T e. .i

SvsteLCa1 Externial meazurement Erovid,3es a ,Uatltative r.-as-

ureiEfLt cz t.-e sy;stem froz, a :iacroscopicL_ view. In i allcws

for thE ccaiarison of dtarjase Sy Ste n. S~ te f,:I zs t ar z

C-- thE SECtiOn, w e d iEc us s t i-,e d tsi j c o -s i ra t i cs cf to

Ext _rrai pEl'rfrnnce nEaSUZenIEnt MetadS. Next, WE prESEnt

the s c Ir ;ar E enji netrin cri teria for. u:t e zna ELZ0E7 a.-.ortanr

St-a s u r Emcr. t Lastly, W E Snow tioe appliicatioi- L f te

EXtErai. pEr~fornnc Id-Ceasuremrt to a system.

a. ea~.Ccnsidurat.ions

zxtez-iai 7er f ir ma Lc e na tsu31re m E t sooaio u, v 1 S_

r. c .c i z 1E o verc Eal e, therezos tine with, *extc2n-al

pr forraX r. C e ue dSJE je ME Lt 3h 0l U b t;o, sne a s t e z e i r,_-3

t i mu %.it1ho ut m ea!Elr e xE r. t i%2 er f or -J 7hiS i i r. fact

t;oe cast * Th~e reason t.oa t t.~JVe filt. is rj icL i5 .

toadt Cfln two tinairL 1OO to m~ :a'. EE

t..ninc chec rpuir.t6 a r iO it t.. LflI o.n11 z a .it

al~l th.E EDa Of the rtpo.; t.t s v~t tI rvi ; I,:

tEela,.Eea tinie of t:.t uszs. ztor 0.j~~ >~tri

Cr',PCi CirtZ r. e I th' ~ t.u~a J C tfi S tarL:t ad ao it-ion,

C! the Te: t i, c~'p lt-, u L t:. It I L~ I, v Ery



level to insure a ccuilete measurement of the total Ela !Ed

time.

There are other issaes that must ne considere

to insuLe that tne systei heir evaiated iS as 'ure' as

Fossihle. First, the systea, should zetain only those ccd

an atssagEs reuired for tfe runrin or tre systeM.

?.essaces and code inCOrporated into tne system for tae

design cr debugjin of the system s.,oul 1 be remcveI.

zeccrd, the system should not contain unnecessary software

tools designed to aid tae measurement, such as those usEd to

create a test database. Such tools should remain in sott-

ware extericA to the actual jatahase system.

An obvious consideration is to insure that no

human interaction is involved in the timings. The system

software, not the reaction time of the user, is beinc timed.

lierefore, the timer should start immediateiy dfter a user

releases thE request. The timer should stop imMEdiately

prior to the display on the selected output device.

reasor fE stopping tie timer prior to display is due tc the

varying delays caused by the output devices. The speEd of

an cutout device should not be included into the system

timinc results.

The final issue involving the placement of

external performance measurement checkpoints is whether to

embed the timer code in the system or to call a tine:

routine outside the system. A call to a timer routine

incurs unwanted timing delays, addinj to tne impurity of a

system. if the timer code is embedded, it can he xade to

appear that the systea code hing tested is embedded in tn

timer ccde, i.e. , placin; the timer initiaiization ccdt just

* pior tc the point of the reauest by the user and the timer

finalizaticn code jtst sutse uert to tne dis-Iay cn tne

output dEvice. -ith these ccinsiderationa, an optimal pIace-

rtent o checkpcints can be sciecte to take exterral

* pfcrar~cE timingy.

0



t. Software nieEngCriteria

Unlike internial pE rformance-mas are men t scftware-
whic h ases software des~gn zEt;-oaolog;ies, th'e etr

perf1:crIanCE-measurcmer~t softwarE Uses Software design tcols.
n£Eef. 9', a r~ull JEscriticL is provida; 2 of tne LEec-Sar;

Exterrdi pforaaice-IIEasurE.IEnt tools. These tools irclude
NO d tEst-:ilE 3eaeraticr jpacka-3t, ad .ataLdse load sutsyztEm,

a..;A a rE,3ESt jeneraticzn packae.

:Le -U r Cse oI. the test-file generation jackage

is tc CLfEdter a te=st T' a .i s allows for the easy

creaticn oz a iatiasz' Cintai.-ing tne desired parameters to

LL Eval;atE.. TIe Cata;,asez load subsystem must jrcerly,

loal th: fileS Creat d in tLe generation package. This

i,:ciUJES thE Zreati~r C: "ircCt~rIeS for the;- test datatase.

* The rEguest -en#_raticr. packa-E is used to create and EXECUte

test f:Ei IJ5 tS, drd irovi-Jes fcr easy variance in the types

and ccz~lexity of requests. This iackagE also archives the

reisszCr later L;se. Using; these tools, the external

Ferfcrtrancraiinsc the dataLase system under measurement

can LE Easily obtain-Ed.

C. IssuEs in the Apicat~on o.- ti'e iettiodology

The ease with which exteraal performance nicas-

urement can. be perfcrmed on a database system can vary.

:LeE arE two iaportant considerations: the languace in
which th.e system is kritten and the degree of software Engi-

* nk.erirng used in the database system design.
Te laae needs to be readable and tc ccz:i.-

sent Frc~er documentation of the system. This wiii facili-

tate an unde-rstandin: cf the system b., the system evaluatcz.

* T7he lanquage must alsc be powerful enough to easily incczjo-

rate s~stemz commands, such as regiuests for the systertime

A iarguage, such as C, has these capatilities, LeIr.I

27
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Fri arily designed fcr system programming. C is a '.i~h-

ievel ianuage, thdt is tot powerful and Fcztaile.

ALthcugh the support software tools such as datatase lcal

Cal Le iaplemented in a languae otner than tne languae i7
which tke database system was written, the evalaatcr Leeds

to he familiar with several different languages if several

different database systems are to be evaluated.

The degree of soitware engineering used in tLe

datahase system design will mcst definitely facilitate any

external pezformance measurement to be done. -f the data-

tase system was hierarchically designed using modularity,

knowledge cf the internal workings of the system Ly the

evaluator will be minimal. Only the ujper level in the

hiezarchy need to be studied fcr the prcper placement of the

checkicints. External measurement only re iuires a macro

knowledge of the system. Ihis is to insure that the check-

points are indeed prcperly placed at the very high level.

C. TEE CCMBINATION CF INIERNAL AND EXTERNAL PERFC.ANCE

MEASUBEMENTS

SEjarately, internal and external performance measure-

ments zovide a wealth of infcrmation to the evaluatcr.

Internal Eerformance measurement provides the timings and

data ccllections of individual processes in the database

system. External performance measurement provides the

elapsed time for the complete reguest. Yet, when the two

methcdclcyies are comtined, there is a synergistic efrect to

the amcur t cf information available to the evaluator.

The ccmbination cf internal and external performance

MeasuremEnts is natural. There are benefits to Le gained

fir cnE frca the other. For exa.aple, we can determine the

cverhEad incurred wIEn using internal performance zeasure-

Ment; tirst, using the e:iternal checkpoint, we collect the

2E



ElajzEd tiue for -rocEsiTg a jarticuldL rexiest. hiis t~ffie

is thEn cczpared to the elarsEd timte J Z t IE rE-]UESt WI.-r

rrtoth irtErnal azd extEr~aJ checyoints artz enaDule. A- h

ir, the eiajsed times o f t.;E se two measuz~nrts

provides an exact mEasurement of th, overhead irncurrEd b

the irterrnal pEr .1ormancE mt-asure meat software f cr t Is

Cr tAc cther hand, wde can use the internal pcerfcLaarct

MeaSUreLnEnt tingS tc -JItEr Iet the external DEL±rmnacz

aeasur:Ent timnings. 1- particular, if a re~~iest takes man.-

hun.drEdtIS c." a seccrzd as a rESUlt of external perfcra~ance

neasurEmEnt, the evaluator w o ujJL want to determinE the

Freci se distr.Lbutior: of the w or. i ntern al ier forLa nct=

ireasUrEEEt can anSiWEr these questions. By comhir~inc the

two wEas-urEIaents, t I E whole cf the measurement results is

Moare XEdni. ful and tisefui tzian the indiividual results.

in the following chajter, thE target -SysTeme, A : S

is described. This is the system selected to te evaluated

usin' t he internal and external ierf or mar, ce measurercert

iethcdolcgiEs prESentEd inthis chap~ter.
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ii.THE MEJLTI-flACKEND LATABASE SYS'IEA (DS

I n t ',.i cnAt Fter WE diicuist i.c; c D i - u r iti1or . a.'] E -.k>Cor:

c-- ol.Erdtic oZ ta~e multi-hacke.-d" datatase s yst temk. r E)

'his chaFtEr has b4EEn extractsd froE a pers a r Ad o r t s

w Lich have Leen writ tEr n on ES " Ref. 6, 10, 11, 12.

?ZFS uses twc or more identical minicomputers ard . l

d2.sr svztems to provide a centralized database; system wi.-

4support for multiple, dissimilar hosts. One miniccmiute

4uncticLE asi the cor.troller. User access is accca--1zhE&

tr.rou Y a host CCMPUtEr Which in turn COMMUnica tes With tho--

ccntrCllEr. Muitii1e minicomputers a:,d their disi~s arc-

CkonliCurEd n -arallEl to serve as backends. The criyi;,a!

desi~r and analysis cf MiDBS is due to .3. mIenon [Ref. 1, 2].

1"he iajiEmentation and new design efforts arE documentE.' ir

[Ref . 3 thrcugh 6]. The database is distriibatced acrcss all

o f thE lac.xends. The database mana~emEnt functions are

replicated in each backend.

As showr in Figure 4. 1, the controller and the tackenis

are ccnnECtEd by a broadcast bus. When a transacticn is

areaceivecd frcm the host computer, the controller brcadcasts
t.e transaction to all the tackends. Each backend has a

rlimberi of dedicated disk drives. Since thie data is distrib-

uted across the Lackerds, a transaction car be exEcutEd by

all tackEndE concurrently. Each tackend maintains a .,ueue of

t1iansacticr.z and schedules re~uests f or executior ii- e-

EnJEnt cf the other backends, in order to maxiMiZE its

access cFEratijrs aird to minimize its idle time. TheC

COntlcil]Er does very little work. It isZ resp onsile Zor

hroadcastin , routin. , and assisting in the insertior c r.e w

data. 1.he backendz do most of t.ne database oj~eratiors.

FLeset, DBS is fully opErational Wmith a VAX 11/780 as

* So
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the ccnrttcller and tuo ?DP 11/4,4j a.il tar a I 2s k E as t-e

iackcrds.

"LBS is a mess a E-orie n tc- sy'stem . I~a -csslE-cri EtE -

SyStEM, Each process corrc d S t a c-e system zu.cticn.

ES E jr~ocEsses, t he, r cor-manicate a7 on, tileiselvEs

Fassir uEEagts. UJs~t re-aests are passed LEtweEi: izccESEEs

ro as MESS.-CES. The message paths 1LetweeL processes aLe Lixei
far the system. The MDES ProcSes are created at syste!'

Start tigE and exist until the system is stopped.

?4ES is desijned to perform th'e 'rimary 'atar-aSE cpEr-a-

9tions, !NSEK, DELE71, UPDAIE, ar~d RETFIEVE. Of th-cse four

datatasE operations, cnly the retrieval o~eration will he oz

concern to us in this thesis. The syntax and sEnarticz- of

tae retrievE operaticn is diLscussed in Chapter V. Users

access IEBS through the host -'y issuiny either a, re~aEst or

a transaction.. A transacticn. is a set of reiuests. A

ItauEt is a primary cperation alcng with a juaiificaticL.. A

quallficaticni is usEd to specify the informaticr cf the

c datahase that is tc te accessed by the reauEst. Icre

complEtE definitions cf the M1EBS termizology car. be f;ourd in

the fcllcwing section.

In the remaindei of tais chapter we first discusste

*directory structure. Next, we krovide an overview cf the

FroceE structure. TlIEn, a presentation of the message types

is prcvidEd. Lastly, we trace t!1e execution SE uerce of a

rEtrieve- izE-uest.

6 A. 7EE AMFIBUTE-BAS5D DATA MCDEL

In this section we discuss the dttrir~ute-LasEd data

model. Next we rovide some defiiitioas in order to liscuss
0 MDBS dirEctcry data. We conclude this sectioi h; dEscri~ljn

thIe tatles necessary to m a in talrL the :IDBS dilrECtcry

info riratic r.
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in the attriLute-tased data modei, data is mcd c11 with

the ccnstructs: datahase, file, record, attribIute-viul

Fair, directory keywcrd, dirEctcri, record hody, e'wcr:

Fredicate, and query. informaliy, a database consists o: t

coliecticn cf files. Each file contains groups c' rEccrds

which are characterized by a unimae set of Iirectcr "

keywords. A record is composed of two jarts. ThE first

part is a collecticn of attritute-value 2airs or kevwcr.]s.

An attribute-value pair is a member of the Ca-tesiaL prcduct

c' the attribute rame anI tne value Iolain o t=

attritute. As an example, <POPULATION, 25000> is an

attzibute-value Fair having 25000 as the value for the po;u-

laticn attribute. A record contains at xost one attribute-

value Fair for each attribute defined in the datatase.

Certain attribute-value pairs of a record (or a file) are

called tie director y keywords of the record (file), because

either the attriute-value Fairs or their attribute-value

ranges are kept in the directory for addressing the reccr.1

(file). Those attribute-value pairs which are not kejt in

the directory for addressing tne record (file) are called

non-directcry keyword.. The rest of the record is textual

informaticn, which is referred to as the record Lcdv. A n

exam-le cf a record is shown below.

<fILF, Census>, <CITY, Mcnterey'>, <PCPULAIION, 2563C>,

[ 7emerate climate

The angle brackets, <,>, enclose an attriute-value air,

i.e. , kewcrd. The curiy brackets, ,}, include tit rtcorl

body. The first attribute-value pair oZ all recoris of a

fiie is the same. In particular, tie attribut= is E:il and

the value is the filt naaie. A record is enclosed in the

parenthesis. Fcr example, the above sample record is frio
the Census tile.

0z
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:kE database is ac:e ssE d Lj i I,, x i,- 3,, iurecr

ktvc&.z usiz-. k~yworc Lred ic at es. A & e wo0r ~r IC a te iE

rt;.r =E-tji!E consistiL , o f anr attribute, a rElatio:.al Cj Er-

atir (=, 3t, ?, 1 ,~ >, ) , a nd az a ttrib ut, v da( i.E.,

EJPJIATICN 20000 is a keyword jredicate. MorE jc.

C~ill v , i t isz a greatEr-than-or-e -iial-to PrElicate.

Comhininc key wo rd predicates in di sj u:.cti v E -ormaI :c r

ciharactEiizEs a ;,eK of the datarase. The ( uery

FILE = Census and CITY = ontErey )or

F ILTE = CErsus and -- IY = San Jose

w;ll tE Latisfied by all records of the Census LiiE witr, tnt~

C::'i C.i Eitl.er M!CnteZEY Or SC&n' Jose2. For clarity, we al-so

EMPlCy parEEEtheSes fcr bracketing prelicates in a juEry.

~Ecall that in PZBS thezE are four types oft rEJUEstS

U i1C h ccrreE-oad to the fouL r nimdry datab-ase op)erationz. An

ExailE cf a retrievE relaest would be:

F~3~BV (FILE = CEnsus airi rOPJLA:ION > 1)OJO ) (CIIY)

WILiCh- retriEees the irames of all those cities iLL tzE Census

file whcsE populatior .-L greatEr than 1)000. NoticE that

the cualification, ccaponEnt of a -,=triev,2 rejuest. consists

of t,.c jar,-s, the :cer: of two Lredicatcs IFC L = CeLsUS

and PCP1IA7ION > 13j:', and the talrget list (Ci! Y) . The

(iU - !EECilieS whic. z~ crds-- oz taie datalase are tc bc

r,.:t zi tvto. d e tar'Et list 3-ECifrES the attit.ute-valUe (S)

to tbc rEturrt-J tc the uster. A use r may wish to treat two or

IEOrt- r(.U+tstS ais a tr;.acin n this situaticn, ?'1L5S

EX CcUt t 4E t,- rtejiestE j f a transaction without pe-rmuting

t:.n i ,Ir is a tranz-action coftaiflinj the rElucsts

<9,(F~, tn D5 Ex~caitfE tbe re~aest R1 before rECUESt

- r a 41v we iir. tht: t.erm tralf. -aLi to r E r Es

et 1, CL i Ir.j. Lt-' 1t Lr a t 1adn saC tio IInIILz eeC U t io.,



B. 7EE DIEECTORY TABES

I c ja ra e t iE ~a t d a.Sk (0 ft n r z-.~i t i zs iS L it I)

C ~~'2~YL. us'.s directory d~ata. Directory uata in.l SCzLs c

to dttr~ilutt-S, descz~itors, and zluster:s. An attrlVjt isz

iLse - tc r;IEireSent a CateOry ofZ t, e iser Lta; E.

r C-1:AICN is an attLihute that cor eos pml is to ~cI C :a O, 1-

ldticrS EtOLEI in t1E -atahaz,;. A ic o s .iE ' to

kl, scritE a rarjE Lo.- values that a:% attn ,tt- CIL haVE; E .,

toie attri 'ute POPU.LA110N. 7lh d eS C :i1t 0f S t :-It a r L ne:

-or ar attlihutE, E.~. PO, Udti.on ZrjZs, arE zatull;

4.XClUSIVE. NOW tie raot ion, of A cluster :an oe -Ef;ne d.

c' ustEr is a group af records Suca that every record~ in the

clustEr zatisfies thE same set of descriptors. For exan~le,

* a1l records with POPtJIATION tEtween 13001 and 15000 aay :crm

crne cluster whosE descriptor is the one given above. In this

case, the cluster satisfies tbE set of a zingle descriitcr.

In rceality, a clustEr tends to satisty a set of muiti-i-

0 descri~tcrs.

riECtCLY information is stored in three taz!Es: the

AttrikUtE ldLle (AT) , the Descrij~tor-to-Descriptor-Thd Talle

(Z)DIT) an tI'he Cluster-D-eifinition Tahie -CT). 'he Attrihdte

aiE ma~s directory attributes to t ie descriptors dczint .

* Attribute Ptr
-' r

i CPUIKWIGN 2

CIT

Figure 4. An Attribute Table (AT).
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C Il t h,-- A sazijtl A-- is UIE icW = 4. 2

un UE EE~Cr' to Z id. A samt'i= D DIT I~ vni iue43
Nott t"'-t the oitrshown ir F'i Jdre 4. 3 iS nOt act j31iv in

tr~ LEI: taL2.e but iE shown hELz2 Ior :,aritv to relatE Ldcr'.

rb- - - -Descri-tor :d

C- PC OPUiAII-CN S 533u0 1 1

5000l S POPULATICN S5 1)JJ3 D12J 0000 1 5POPULATION :S 25.JJ0O D 13

2 -50 0 01 PC GU LA 110 N 533000 D1'4

IC-> C IT Y =Cumterland D 2 1

CITY =Colum1Lus D 22I

Y -> FILE =EmployEe D31

FILE =Census ID2 j

Di-: Dezcrito r i for attrih-ate i.

Figure 4.3 A Descriptor-to-Descriptor-Id Table (EDII).

to thE A'I tabl.e cf Fi~ure 4.2. The Claste:r-De-finiticn ul

maps descriitor-id sets to cluster ids. 7acni entry consis ts

CA: thrz ur.i,,ue clustEr id, thE set of descriptor usz %i~cse=

descri~tcrs define the cluster, anr.d the addrezssEs c -1 t Lt

re=cords in the ci ustErs. A sample CDT is szow. -r Fijuz-
L4.4. Thus, to access tne directory data, we must acess, tat-

AT, LEI:, and CDT.

Cr~E cY th e Ae y Concepts UsEd wfnen dt-su~zin thE tESt

ddtat)SE (SEe Chapter V.) is lefinin4 the descri~tjz nz

are SpEEci~i~rd i-n the directory attributes. Th-is, we rcvide

a tbr ieIt i ntr o duc t iCL tJ the t hr ee clas -if ic dti c rs o:

descri~tcrz. A t,;;E-A lescri-tor is a Cnrj1 nct1cn- Ct d

36E
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I >zsc--.d S~t ii

-' --c Z-14,Z21,D 3 AbA:

figure 4.4 A Cluste-r-Lefinition Table (CDT).

l-,ss-than-cr-e,,-uai-tc £redicdte and i jzeater-thdfl-oz-c-ai

t 0 'rEdicatE, such tiat the same- attrizate aijears in :ct:.

.-reuicatEs. An e x amic u : a t y 3A dcsCriLtoGL i. dS

(iCE-JLA:ICN 10000) and (POPJLATICN :S5>~

A ty.Lc-3 descriptor ccnsists of only a e -jualit% p:EdiCa te.

An exazrlE cIf a type-E descZirtor is:

(F1LE = Censu's)

Finally, a tyE=C descriptor coaisists of the 7amE c: an.

attrirttE. The tyjE-C ittE.LbutE lefine6 a se-t o f t ::-C

sub-descriptor s. Type-C SUb-dESCrirtor!E are, ejualit.-;,di

cates JefinEd over all u.-ique attribute valuies w r.ic..x eist

in, the database. Fcr example, the tyjre-C attrilutc C::TY

fOrM.E thE t,%Fe-C sub-descriptors

(Cl TY=CuoLerland) ,(c-I:Y=Coiumtis)

ulerE I'CunhEErdl and "ColumblUs" are the 31,1,1we ~a

Iita- val.uEs r~r tne CI-Y.

C. TFE ERCCESS STRUC'IERE

Currently, 4 DE 1oes nct C 0 MInr: dt witi d .Lost

~an E . h t aIS ETC e Cf tir SCCMMUInr1atro:D rejUirCS trat tfl

;57
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tc2SL ia:tErtlace :?LOCeES, t .' rcs :L~ o i~~~t~;

3 1t i1 : Paoe cl r c C c :r"~ z I. rL-D

Er.i-S CC tdiL jPrOceSSEZ to inte rtaC- 41I: tie - zC- tt

c c su te E z sa c ~a s s i r, -,

tO --!tEi.l:C,- With t E Cl S, uE ~t J o

rio t h E I i -c is sed f u rt L . 71 1r 1:' V I Cio c 11

Cl the "IE ProcessStrSue

1 (st - *aat o

0 S zo t2o E t-- t-

fo r mat ! a r c: ds t ( tza r. -3t1,:. . ~ :t~

a:i ri t (t ra.xs a c t-jn. to t h c-o :. 1:o

Ed'r. h dCk" Erid. In s ert n If C:a tw. tr I Is t

Ero vi ac dI t i ')T.a I if or ma t 1 n to t~ L

ilnSe Lt LE-.ue-St is SreCE iVE. 3 ince ti. I~. tat: tdt--

thI-,e i n !E r cn C oc C 'rI a t 0n 1o te LI Z. T J i tLt

-,tctainE tue Luc; Er2 at ;hici. th,- iner L , coor,

ul t '- th F c luster cdfl uescr i tco r~ L fort 1. ir-,s :t. T '
Foesr is a's EL to co'lEct all tn-.t rcs'its fr a cti

(tra rs actio.) and fcrwaz! the-- i~lr~forna3i Luck to t.'r,3

2. q.E ProczsseE cr- 7ach racken&l

T aclh LACKtenl is alsC CcMyoS,3u or.-rL e
dL, Gf coureEC lii~fk=elt frmtecnrLlr cs&.

-'e ae L l irectory foana:;em:rt, Coci20Fy o.tro4, 3:a
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Ucstt CIUStEr S4EarCh f i nus te 11 C- i~ste- iis. AadzESs

Gtefl, rat ic determines t.-t- seccnilary s tor agE a ddressEs : ECES-

Csar.: to acccss the clusterE2 irecoids. Concirrency CCrItrAO.
deter UinES when the reu est canl be executed. 'RE c cr

c-,OESSlrz erzorms the Q~eraticn sj~ecitied ii, t,',e re uEst.

D. ~IEF MDB SESSAGE IYPES

In this section we describe the 'IDBS ~sae~si.

ZaCi-litiEZ first dEsEcrire d in ZRief. 13]. 1 n the 1S
iaessagE- assing facilities the-re are 31 messa~e ty'PE. an!

cne cenEral message .fcrmat (shOWn in Fi-ure 4.6) . This same-

,NESSage TypE (a numeric; code).

0 I EssagE Sender (a numeric code).
MEssage FecEiver (a numeric code).

I mEssagE Teyt (an aiphanumeric Zfi k- .,d
tErminated by an end
cf message marker).

figure 4.6 The GenEral Message Format.

format is used for each of the three message passirng -acili-

ties, ramelv, messages within the cor~troiler, messa:es

%ithir. a hackend, and messages between computers. eszacez

LetwcEr, com-uters ar:E divided into two classes, zeszaces

t,-tWEED iackends, a~d messages Letweea the contrcller and

tile lackEnds. Figure 4.7 describes eac:n of the MDBS x'EssagQ

types. figure 4.8 describes tre abbreviations ased.



:S SA c -Y: il .1N2 AM 
Z DES: P A I

1 IZAZFF7C J: HOS: 1 7:EQ 1 iC c
N U1.EEi OF REU~T N P EPC

P. IPANS A C-1L 0 1 I
AA.--CATEv CPZRA CFES P E?~ P P C
B :, 2U E-S W I-.H E FcS F PP C
Ei"EElTIEAF--IC CNiI: EE~ :1 C

ESCR~lrCR I3 Ii M C

E ACK E ND F cU L:S RECP F 2 E C
iCE A FE~JS I, I I

E ACK E "'D AGGREGAqE I REC? P P? E EC4 ~~ E cE FA:O: R RECS cisI
iECOFZ THAT HA CHANGED RC EP I2

E2UL'IS OF A RETRIEVE Rcr- r-E P j C
CF fE-CH CAUSIL BY
AN UPDATE D1 44 2

FETCH DI DECP
CI AN-" NE' VAlUES OF I EC? z 11 Z

2 C :YPE-C ATIRIBIYIES FOR A AD A CC 2 2
TRAFFIC UNITII

LE-EC-ID GECEJPS FOE A DA! cc C3I
TRAFFIC UNIT I

CLCSTIE 1,1 FOE A ,Ac E
IRATFIC UNIT III

RElfEE TIIIES DI AccP
LEASE AT TIEIBUE FCR IN cc I

25 EES DESCRIZEIGn-ID 25 DA C

GOIPSUT IOCKEL Icc IDM
D'ECIPTOR- GBOUPS LOCKED CC DM4 1 C LSTE IDS LOCFEL Icc DM

2S NC MCFE GENEEAIEE INSERTS REC; E ?E P IEC
2S NC MCFE GENZEAllL INSERTS Rp -EQP 2 CE
29 NC MCRE GENERAIED INSERTS IDA! F. -- P E
30 E. UEST ID OF A FI NIS FEE 30R EC P 3 c 3

3 1 A N UPDATE EEQrJEZ-4 HAS ~ i Ec P D mE
F I N 1IHED -

31 AN FIIED7BEU HAS D -1 cc CCB
F I NISHE I D

Figure 4.7 MEBS Message Types.



SCUi CE CR DEST:NA'LION DESIGNA ::3 PATH DESIGNA12;

ii HsT : iC ST " ACH I TS 1-N ) H : HOSTR SE FEHESI PPEUA .A:CN C :CONIR7Lj
ii :INET :NFCFMAT.O N GHENEFA. C :CCNTFCLIzh I

PE F C ST EO C -- : ': IN; C CON 1 CLLi
D m Z1E C T C FY _!1 N AG EEN T 3 A EACNENE I

7 -;C F EECORD PROCSS-N3 5 A BACEENE
I C CCNCUJE'i CY CoINTRUl L A BACKENE

Figure 4.8 IIDBS Message Abbreviations.

CczmunicatioL betwieen cocnputers in MDBS is achievEd bY
usir.- a tizc-divisicr-maltiplExed bus called the Eara'Liel

commuricaticn. link (iCL) fief . 14. IDBS contains a solt-

lvrC intErtace to this bus for each computer cor~sistirzg c-'

*tW,) ccn~iMEntary prccEsses. The first prozess, SEt-PCI,

getAS IE_'EayES from other coxputers off the PCL. The SECCr2

Frocezss1  jut-PC!, Puts messages on the bus to be sert to

ctlltez ccrrputers. The contrcller and each backend have their

cw., gEt-jc. and iut-Icl processes.

in the remainder cf this section, we give short descrip-

tlor.E cf tlh' definitions of MEBS messages. These dEfiri-

tiois ar:E ci the forii:

(,neszagE-ty~e numbEr) messag e-type nadme: explanatic.n o Z

zessa -e.

The dcEcriptions will be jiven by the process that receives

*the zessagE. These descrijticns are in followinc figures:

ReJUEst Ereiaratiou (Figure 4.9), Post Processing (Figure

~4.1')), Directory anagement (Figure 4.11), Record Prccessilng

(Fig;ure ~.12) ,Concurrency Control (Figure 4. 13) , 9icst

0 procEssEd for Test InterfdcE (Fig ure 4.14), and insErt

Inforuaticr Generaticr (1iigure 4.15).

0



6

()Host Traffic Unit The traffic unit represents i
single r euest or transaction from a user at the
hcst machine.

(1.) FECcrd that has Cnanjed Cluster : This message i6
a record which has c anged cluster, Reuest
Ereparation Iill prepare it as an insertion and i
sena it to t1e backEnds.

(2S) No More Generated Inserts : Tnis message indicates
that all the records that have changed cluster as
a result of ar ujdate request have een sent to
Eeguest Preparation.

14) Fesults of a Fetch or Zetrieve Caused by an UCdate:
This message carries the infornaticn frm a fetch
cr retrieve tack to Re uest ?rearation to completej
an update with a ty e-III or a type-IV modifier. I

Figure 4.9 Request Preparation Messages.

(2) Numter of Recuests in a Transaction : reguestC I Preparation sends to Pcst Processing the nunfer
cf requests ir a traffic unit. This enables Post
Processing tc determine whether the processirg cf
a traffic unit is ccmplete.

(4) A2gregate Oterators : Request Prearation sends
t e aggregate operators to Post Processing.

(E) Feguests with Errors : Re=aests with errors wil.
te found in Fequest Preparation by the Parser and
sent to Post Erocessinq directly. Post Processing
%ill send regiests wit errors Lack to the hcst.

(11) Results cf a Request from a Backend : This qessagei
contains the results that a specific hackend fcund
fcr a request.

(12) Aggregate Operator Eesuits from a Backend : When
an aggregate cperaticn needs to be done on the
retrieved reccrds, each backend will do as much
aggregation as possible in the aggregate operation
function of Fecord Processing.T his message
carries those results to Post Processing.

Figure 4.1C Post Processinj Messages.
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1() Earze Traffic Unit : anis is tile r---are- tra.Ic
unit sent by Feguest Preparation.

(2S) Nc '!ore Generated Inrsfrts : This imessage indicates I
that insert request for al. thE records that have
changed cluster as a result of an update reguest

I have beer generated and sent to Directory
I lanagement.

(7) New Descriptcr Id : This message is a response totie Director Management request for a new
descriptor iH.

(E) Eackend Number : This message is used to specify
which backend is to insert a record.

(15) Lescriptcr Ids : This Hessage contains the resuats
cf lescriptor search Ly Directory Management.

(1S) Cid and New Values of Attribute bein, odiried
)eccrd Processin this message o check

whether a reccrd that has been updated has char. d I
cluster.

1 ) Ap Update Request has Finished : Record Processin.
signals Directory Management taat an update resuestj

I has finished execution. I

Figure 4.11 Directory Management Messages.

r- ----- - -- - ____________------.I

I I
(16) Request and Eisk Addresses: Th.s messa e cortairs al

reguest and disk addresses for Record Processing tog
come up with the results for the request. 1(17) Changed Cluster Res onse: Directory ManageXert usesI
this message tc tel Record Processing whether an I
updated record has changed cluster.

(29) Nc More Generated Inserts : This message indicates
that all insert requests generated as a result cf I
an update request nave been sent to Record

(1E) Fetch : Fetch is a special retrieval of informaticn]

for Req uest Preparation due to an update recuest i
0 u~~ith type-IV oiir

Figure 4.12 Record Processing Messages.
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I (2C) 7y~e-C Attriiutes for a Traffic Unit ConcurrEcy
Ccntrol takes the attributes in this :essa ge anc

determines wIen Descriptor Search for an at trItutE
can be erforled.

S(21) Descri. or-id Groups tcr d Traffic Unit
Concurrency Ccntrol takes the descri~tor-id -roups
in this xessage and determines when Cluster Earch
for a re uest can be "erfozmed.

(22) Cluster ds fcr a Traffic Unit Concurrency
Ccrtrol takes the cluster ids in this message and-detrrmines wIen a request can continue with Addresj
Generation and the rest of re.,uEst execution.

(2--) Eelease Attritute : Directory ( anagement uses this]
zessage to signal Concurrency Control that a
reguest has ;erformed Descriptor Search on an
at tribute, and the lock on tte attribute held by
the reauest can he releasel.

(2) Release All the Attributes ror ai. Insert: Directoryj
Yanagement uses this message to signal Concurrecy
Ccntrol that an insert re aest has performed
Eescriptor Search on all Mae attributes, and the
locks on the attributes held by the request can LEreleased.

(2_) Felease cescritor-Id Grocus : Directory anagee t
uses this message to ssnal concurrency Control
thar that reuest as perormed CiustEr Search
for a reeuest, an the locks on the descriEtor-i
ICU2s h Id Iy the request can be released.(-I1) n M~ate Recuest Has Finished : Directory

ranaement uAEs this messaye to sinal Concurrency
Cntror that an update request has finished
execution,ar all the locks hela ry the reuet
can be releasEd.

(2) Attribute Locked Cncurency Control s tcnal
Directory Management that an t e ritors -ciXed
fo n a resaest, and Descriutor Search can se
erformeae

(27) Zescriptcr-Id Grou s Locked Concurrency Cntrols
signals Directory aananemnt that the Descri tor-eie y
roups needed by a reiuest are ocked, ad CansterEarch can be Performed.

(2E) Cluster Ids locked : Concurrency Control signals
Eirectory Management that the cluster ids needed t;
a request car Continue with address Generation and'I
the rest of request execution.(2-) 5eguest. Id of a Finished Request : Rezcord
Erocessing signals Concurrency Control that a
ncn-update recuest has finished execution, and the
locks on clusfer ids held by the request can he
released.

figure 4.13 Concurrency Control Messages.
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721 iec;UESt FEesutS Containis thE rz-s,;ts for a r:'ue-ctj
af f Er ze in c q lhctd d A:ram al 1. z-,E Lac ken ds a ra
acgrtgated, if nece~ssa~y.

reFigure 4.14 Host Messages.

I , ( Custer Id : irectcry lana~eaent sr.;.s a ClUster
id to Insert Iniormaticr Generation fir an inzErt
ze Ues t. IIG will d~cidE where to dQ t;'-,m irsert.

10G) FEyuest for N~w Zescri~tor :d ; -inen retzz~jv
Maragemert has found a Lew~ descri,.tor, it is r:ent
to insert Tntformation Generation to generatE an I.J I

Figure 4.15 Insert Information Generation 3essages.

E. Ef EXECUTION OF A RETRIEVE REQUEST

in this section, we descrite the seguence of acticrE loz

a rEtriEvE request as it mOVES- through ID3S. The seau--nc ' of

acticrs will be descriLed in terms of the messagEz EassEi-

tetwEEn the MDBS uiccesses: Reguest Preparation ( -1F ) I
Insert irnformaticn Gcneraticn (TIG), Post Processing (eE),

* irectcry Management (D-I) , EiEcorl Processing (RHE) an"4

CoricurrErcy Control (CC). For completeness, we descrihE the

acticrEs which reguirE data a regation.

First the retrieVE re~i-UESt Comes to FREIP from the host.
S In thE Fresent i jleaEr~t.tiCn, it comes from trne contrcllEr.

F-E-2P se-nds two MESsacEs to PP: the n7UnbEr of re-juEsts ir. the
transact~on an] the d~jregiate cpelatJL Of the re~uEst. T h e

third messa E .sent b F.EQP is the parsed traffic unit which

S4



goes to £Iira toE backends. E. sends the t;e-C attriiites

needed ky ti.u reIuest to CC. Since typpe-C attributes za

create ne% ty-e-C suL-aescri'tors, the tyje-C attrilites

Must tE locked by CC. Once an attribute is lOCkEd ani

descriptcr search car be performed, CC signals DM. :1 will

then JErfarz Descriptcr Searcn on m/ n iprEaicates, whErE iL

is the nuzter of predicates secifiei in the uery, and n is

toe nuahEr cf backends. DM then signals CC to release the

lock cn that attribute. DM will broadcast the descri:tor iis

ior the request to the other tacrends. DM now Lends the

4 jescritcr-id grcups for the retrieve request to CC. A

descriitcr-id _rou is a collection of dfscritor ids unich

define a set of clusters needed by the recuest.

Descrirtcr-id Groups are locked by CC, since a descriptcr-id

Grour a. define a rew cluster. Once the descriptcr-id

grouis are locked and Cluster Search can be perfcraed, CC

sigr-als EM. JL will then Eerform Cluster Search and signal

CC tc release the locRs on the descriptor-id groups. NeXt,

LM will send the clister ids for the retrieval to CC. CC

locks cluster-ids, since a new address may be specifie zo.

an existing cluster. Once the cluster ids are locked, and

toe re(Juest can Eroceed with Address Generation and tae rest
cf the reiuest execution, CC signals DM. DM will then

perfozz Address Generation and send the retr.eve recuest and

tAe addresses to RECE. Once the retrieval has executed Frcp-

erly, R :CP will tell CC that the zeiuest is done and the

locks cn the cluster ids can be released. :hE retrieval

results are aggregated by each backend and forwarded tc EP.

EP ccipletEs the accregaticn aiter it has received tae

Fartial results from every tackend. When PP is dCne, the

final results will be sent to the user.

47



C IV. AN APPLICA110hi O' THE METHODOLOGIES TO MLBS

I n t hE pr EVi 0llS Ci-ir-t2ZEs Wt diSCUSSELd the ar, t,-

topics cz f~ci fci fi r interna Iairo Ex t~r.-a-

i er.CrZaLCE me a EurezEnts o0 dataLase s 'stenZs d r, it

Zulti-tdCKE~d DatalLU E SySt. EM (NID -E' . T;is chaj~ter Z rE rts

the 'apilicatior. cf1 tk.tse zethcloC)j3  t.D :DE~ ltial

iSCUSSiCfl COnTcer:nS TodificdtiOr. to t:.'E ! .Es S01tWZE. .

11SCUSS the it.-CiSIODE Made durirg -ljltE.d~l0, M C -I c a-
tion ct the U ser in tErface -iC~~ t r, Lac Keni rcs.

and tLE ccrntro.ller pzccesses, and nn !.SSlCS LS,;VECz jji~n

iwp1~mentatioL. ThE next discussion ctentErs or. ti~e mo~iii-

*caticrs ci the MDBS test enviro-,L.,r t, wnic. inciuCEs Itst

-Envircrmitnt caanges and sof tware tols. :he rinal discLEsion.

identifies measuremEzt programs that wt-re 13EIEZEItEJ1

c'jtside- ci the MZBS Environment.

A. 'lEE NCDIFICA'lION CF THE M1UES SOFTWARE

In thzis section, we begin ty iresentiLg tn*lt tcizicin-

made ccncErrir. the iopiementation of internal arnd ExtEr.-a.

PErfcrwanCE measureMErtS On MEES. Next, we dizcuss th,2 modi-

ficaticns cf the user interface and the individuai 'ILSS

processes. e cor.cJ. dE this sEctioi by relating issuEs hi~

are rescived duzing the iaplementation of the perfcrma,-ce

ieasurE lEnt ziethcdolcy.

1. lq1ewa ntaticr Decisicns

thEr. desijnirg and SpciLfying internal and extEUnal

Ferf CzlldaCE measurezEnt metncdclogies, decisions aust A'- t

made as tc the most zidvanta Eous jpositic~s to place tnte

clneck~cirnts, data collections anu data ajjre~ations. 'hes,-



decizicr.si are based cr, the need to mirimizti system overhead,

L ~ and tc ,rcvide the appropriate- level of Ietail of the test-

d data chtainEd. Primitives and data stZuctlres MdSt LE dEVEi-

cped %hich willI allcia the measurement pro~raizs to r 4-L,3i i

e-xtensihle and whicb are cci~atijle with exist-ing s ys te:

sftwar:. A user intErface MUSt be deVelOpt=l WnrcnI iS easi

to use, should nlot rE-.juir-e t.nE user to possEss any. rEEcal

krnoWlEIJE Of the intErface .n order to ase i -Lt andi shouli

maintaiin data in machine readatle form which will ail1cw fojr

faturiE *-arsior. of tte jperforx.azce measuzement systEm.

4 ie following implementation dezisions are w it hir,

t.ne Lcunds cf two coi.Etrain.ts jlaced Upon US by the CUrren:t

i~piEZEntatioii of IDEE along with two constraints we lacei

CL ciurzElvEs. The first COI.Straint concern~s tne virtual

memory available to tie processces resident oni the b ackEn is.

The c~erating systeir or. the EDP-1 1/44 all1.ocates a virt ua-l

memory of 64 Kbytes. Each of the ADBS backend processes Lust

f.it into a virtual memory of this siz.-e. The adlition-al Eort-

ware add as a result of Eerformance zeasurEment Ihas tz- be,

constructEd so that it will f-Lt iL a th-e very liMitE] MEMor:Y

Es aCE rEalaining in edC;. hackezd process. The SECOnd

constraint concerns the initial M!D3S de.sigE re~uirzfEets

-iic h callt-4 for a Lroddcast bus between miLnicom~uters.

CuirrEntly a Parailkel Coonmunications Link (P:CL) is ten

Empio.E aE the intEr-COMjUtEL MESSagE-,aSSing MECharism.

M-3S a Ce -- jaES= I ovet tht PCL 'are se~uentialiy transmitteld

from ti-c sende'cr to tIE rcce i 4Er . -.iiis dizferernci in cier~a-

tion Etenthe PC! and tht= Lroadcast bus must he taxen

into ack.c-int ir. cur attemjt to validate the claims cf : Z

AditjCoL3 ierfcrinarcE measuirement pro,,rams must alsc c

wri t tEf to MeaedU-M S *-E msa cpaSsin , times onI the PC:..
ht thirdI constraint, ie., minimizing cv~rhEad,

!iitiicaztly iatluences our: Eerformance mEas-aremert design.

z a sL -tc t w ill b e iscus s Ed ir. tne foliowing aragrat~is.
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:indI ccnstraint das %wLth CIL:~r to Z*run U1i r -

a ::~ n Ct Evaluating the systczi, . War~t to L,-ai t C

~D F 1 t. no ovErhead inicurrz4 L Y t-,= i. toE zc~r s

is acccail:hed L v IIa C t IL~ a z z ) .na i-. ne a r t t

E-. sot .a rE w ithi-4n spEciai Ercyrccessoz 1:stLnIto wIch

ailow Li - tc 1"ncluLide cE onMI t trI-,e erforma.ance Mea E11 ure ~tz
:EOft Wa 1:E d u in~ pro,-rai CJospiltln. A liitcL filIE is

cli 3t Ed cc rtai n i i la~s which are is o- to dttermine t I,,

E eCtI CrE S 0 pe rformance C jea su e m 4 t. c odEth to - ( co ij i E o .B
coailin separate vErsiors, we then have the capaLility of

runnir M1LES without perf ormance measuartment overh-ad orL

with- thE overhead introduced when we seiect certain icrtil-nF

*cf th E pEr fcrm dn ce m Ea su re menrt s of tware Lo r c om pa.la tic r,
Ccmaunication in I.DBS is a cconj. 'is ned hy passln;

es s acqEs. rOCeSSes which are resident- in t.-E same airicci-

p ater ccamuzicate b usinig inter-process messa-izs, 'hIN>.

C p rocesEcEz resident in different mini;omputers ccinmurncatE b

using inter-computer messages. Actions taken by the valious

processes in :IDBS are initiated by the receipt of a zEzsa~e.
Actions End when, that messa E has b~eL p rocessed anPd- anL

Zkresultant MEssaqEs have bteen sent. As a iessaje is rECEived

hy a Ercess, the action takEn hy th-e iprocess is deperndkent

c.1 t he ~E E se ori1 ination and type. 'The ge=nerai .'ISS

process prcelUrE hiErarchy is shown in Figure- 5.1.
* 'ht UighEst level of this prociess is the main izoce-

durc. lhisi procedulE receives the next Me.ssalE aria LiEEd

upon. thec orijina tor ct thie 3eSSIage, Cd.LiS a sub r-rocedure- in.

tm jocedurehiErarciny. 7hE messajz wo)rks its day dcwn t:-is

t a u rccedcies iLaSe-] apo toe1,-1il orlI~iotcr o;ftn

Z e S 6da r. Is MEE mesae Ey . Ultilat ely, tIE M mEsa Jt

arr:ives at a ssdjE-nandil~linj proced ire (tssa~g h . anliLr)
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XeSUr f t w l h rozin -a te: tick- ht:sZ Si

i n t kr- Z This varia,-ce --s si~ni x -,I.' it is ccZ-d~ei

to thE tilE it taXes a 1,zSSa9E- Ial!ng 1root1:e to- ZrDCes_:: i

ztssaCE. A ietLol irust b'e dEvcicDei. to z Ed acz t is v.iS V e4

I ie sEcluticz is to sErId mUttiz-.E Z'olests to the FEsa-E

h-.n]1ir~C routine t i MEd to Zeco::! the ti'me f2r ':ac.

>iE!Uct a n t he n t1c comu te the avErageC o: t-E rCcC:CE I

tim we s t1'-ELEby oltairing a ZIcre dccuraite CZsrmeto tr _

I truE ircckS~in time.

in crier to Reei: overhead to a diiu n: to

t:nt Er.Lcrmance measurement systEn, EXCEnsinle aria sZ:ple,

e ,Ec i 11E tc -lace ain.maL jErformance- measu;reme.-t sob t' 3Cr

iln ar !:s 'rocess. NLc procEssin; o.f tkst "aata is dc~ii a:. 0

~DS Zo ce-S s All test data IS sent to t' test-i'-tcr1zacek
r ou t ic-s Afor a;jregation anda sto za. Since A'!ZF

zessacE-1asEd systez, xeasureirent contzol m-_ssa.-es a:.dt~z-

(data aE traflszErre d as messajes -1t --.iz ln; ex.,s ti in -

ccommunica ticns roultir~ES. A dilfferz ,itly-oriEztei SystEl, S uo:.

as '_-ccecjjrE-oriEnted, w oulId r eu i r a ci d1:frEe - t d t7 C to

mreas ure2merit so: tware communication_.

4 ~ ~ 'hE instailaticr. of thE c:hECNk'oi.'ts rEE irst

iretincd !E dEvisei to ccliect tie c trato ct a 1L:-:L

checklcirtz. The infcrmatioi ;ould Lke stored iocally, t r~rn-_

rrrEd tc a ccntral ztora,,e location in. tr.k=:. 1a. C C :nt

* Sent to thE test intErfiCe for st)ra>t. I- ri or: t C EOjC,

ttile s.~steiL cvt:rna d introducEd by ies asn e r

rrir" th it th- temorary local stora;1L oi cat:a wiuold LC most

E:ficient. AS 4';oin ted out PreViOUS!i;, -ne 01: ta-on t7it

t~ile VlrtUal MeMnorY spCC 3Vaiaic at tilt Lac.'cn IL. t c 1:
CL triE tESt datd ; encratk.a Irom tile hcc:.s cu&

to ellolii tc conitai u:1.rt ii. ninac.:



a rd smil enaoug h tc res id.= ir th kz corstrained Virt ial[memory - ac*- 1iaaile t0 a kaCjeE1i, r:oces. For our t".nin

mi feasutt.Er~ta,, thE u;-.Er hLour.d c:, t;-e aiziber Df rk:gUests SenLt

to a ZEssagE 1.andler at one tize is rIXEd at one hudrE .1:
ctatez words, we assune ti,at zEasuriin', a given- function icre

tfkan 1J) times wiLl Lct z:rovije a srtat. sricaily si:at

JiferEnce over meazuring that same function exactly mi
times. Giver this up Er bound, wE decide that a static arzrav

of 26C rEcords woulk" be smaill -cnough to Lit in. the= viztua-

memory of a backend p roce ss, yet large eLCug:. to ;i-4 a

SurficizErt amount Of test data. Figuze 5.3 shlows the ErEral

appzoach to the placement of the zerformance measirEziEnt.

routinE: (lier) which is called b1y the ch=cki~oirt, acces-les

tae systEiu clock and aaes the static array.

Ancther cuestioL that aust be answere-d is thec manLner.

in which tk.e checkpoints are activated. Shculd we activate

cnly cnE crheckpcint at a tiie or zaltiple checkpoints at

cn~ce r ~E dEtermine that activatiL, more than one chEcxpolnt

cat a tin-E cculd intrcduce error into t:.e measirement. If cn -

routirE (A) which is being me-asured called another rcutint,

(B) which is also being measured, tne time necessary to do

*timing iEasurements cr. (B) wcul'3 increase thle total ru1r.Z.;1n

tine= of (A) .Because Of this We only ail.ow tn E MEaSUZEreren

Cf oEE cutine at a timne.

1he desire tc providt: a user interface w'hich is Ea'.'

to 'use ar~d requires rc particular kowleige Of test inter-

face imileaentation leads us to develop a menu-drive:

systEim. The modularity; of the perzormace measuriemEnt de.sign

lend s itself to easy access via menus. T .-.e men u- ori ven

system is also compatitie with the existi'g test intErfic,3

1he final problem is hcw to rocess and Etcr - thk

raw tEst data received f r cm thie variois LrocessEs. IN

r u ir E that the user h1.Ave access to both raw aiata a n
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Main r - -- i

Pro-----r L TIM-71

F Sub -- 1Suba I ~Procedure P .irocedure I

Zero or n2cre levels of sub rocedures

___CX Check jCaec~I . . I~hEckfl

jssa'E IE g Jmessajej - essa G

I f~~hE~kI jCheckj ICekIICh

*Figure 5.2 The: Procedure Hierarchy
with Checkpoints and Timer.

sJflmmazizEd iniformaticir. Also, we re ,iire tnat the jata be

availaLIE ±cr further iiacnine Erocessia . These prchiems art
EiimiratEud hv maintairinj all collected data in files. IEr.

raw dati is received frcm a Lccess it is immEdiatEl' sEtOred

r. a Z: .I nce all rE-,uests whicn- arE to be tisEd ,,ave

ifliS . E the file- ccntaI.inn the raw data is accessed andj
F roc EsSEEd t o pro"ducE another fil1e containinj suzmarized

inforzaticr on tne various mEssage-handlin ; routin-Es w,-aci,

ha v L e n measured. A history of this informatic7 i s



COmji2il as the Indel!yig cjEZatinz system ( or t..e rii-

commuter ihire tile ccrtroiler software rtidE.s ) creates LeW

versiErs of taese files each time the ieasuieme,-t irccrdas

are irvoeEd.

7_e Modifications o the User intrr-ac

rricr to the iHleme11t3tioJ of tz% perforMance Zeas-

urewErt zEtholocgies, tLe test iatemzace process ccnsistel

cf those ;rogra ms necessar7 tc 'enerdte a test datalase,

load a test database and execute reluests agaiLst the test

database. 1he imp leenta tic n cr pertormance measurerent

software within the existin; scftware structure o t,-e test

interface is accomplished by exandin tne existing hier-

archy cf control and by integrating jerformance measurement

software with existirS test irterface software. Figure E.4

sh ow s the test interface procedural hierarchy with the

performarce measurement modifications.

Ihe user selects acticns to be performed hy trav-

ersing d tree. At each node, a decision is made as tc the

path tc follow. By fcllowing certain paths, the user aas the

capability to generate a datatase, load a database or

execute the test interface. When the user decides to execute

the test interface, a decision is then made as to what ath

to follcw cn the test interiace sub-tree. The user zav

choose a new database to work with, czeate a new list of

traffic units, modify an existing list of traffic units,

select traffic units from an existing list for execution,

select an existing list so that all traffic units c the

list ma be executed, display the results of external zeas-

uremert cr perform a combination of internal and external

erfcrmarce measurement. The user may traverse the tree at

will zcving up and dcwn the branches to accomplish a wide

variety Cf tasks.
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Datdzase1 1

I Izx~ain ____+ '

I Test I I j Data-ase I

Lis

1-I lModify iII I Ii
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I I II
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II
[K)Ds~la 1

c___Externa~l I

Figure 5.4 lhe Test Interface Hierarchy
with Perfczmance Measurement Software.
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The :DBS softhare in the test interface contains a

Frocedcre, called by the other MDES procedures, to exEcutE a

request (transaction). That is, to forward a reuest (trans-

acticn) to Ee/uest .reparaticn for processin. This ircce-

dure is selected fcr the Elacement of the external and

internal ;erformance measuring software necessary to time

and aanijulate reguests. External ieasurements are taken

from this ELocedure immediately befoze the reguest is sent

to Recuest 7reparaticn for Frocessing and after the results

are returned from Post Processing. Software is added tc tzis

SrocedUre to generate requests to the ID3S processes which

initialize the messaqe-handling routines tor internal

Ferfcraarce measuregent, generate mu.ti ie, identical

requests in crder tc reduce the timing variance (as previ-

cusly discussed) and to generate the test data colLection S

essaSe. The numbez of multiple requests to generate is

provided tc this rcutine by a variable defined at copile

time. Ihis procedure receives the information necessary to

accozplish these other tasks by sharihf a first-in-last-cut

stack and a pointer to the top of the stack with the

performance measurement software. The evaluator interacts

with the performance measurement software to Duild a stack

of internal perfcrmance measurement rej'iests. This prccEdLrc

then draws from that stack, .nitiali zes the iessace-

handling routine selected hy the evaluatcr, generates

Multiple cCies of the MDBS reiuest selected by the evaIu-

ator, and generates the reguest necessary to collect the

test data from the process which contains the fessace-

handler being evaluated. Figure 5.5 shows the relationship

IttweEn this proceduiE and the performance measurement soft-

ware and its data structures.

In adlition to external system timinj, other

performance measurement functions provided by the new scft-
ware include routines which allow the user to 1) select
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I EE' UESt (fir execution)

Ierf crm a nce I I Number oz I II
I I ExECUtEj easuremEfltj----I'"imes to SEIL,l I
I j F~iuEstJ Soi twarE <-] I Same Request II

I I I<

StackI
P 3it --1 1

*~~ ' [:C]
I I S~~taci ----

ICr ESt PZeparatiOn

FigurE 5.5 1he BElationship of t'-'e i e-,uest Executicn
* and the Performance SEasurement Interface.

selEct all assage-harid.inj routin~s ~ ~ ± --

t timer=d, ~)rest ri ct t he t i m in of Lr.~ i i~ c.

routires tc a sjecific back~nd cr taNniS -In.

any ccwtination cf t 1.E a"O rem E It I 1,e ISeAd t ct *t2 it

FerformnancE mea~SUreMErt s~oftware a.s, i n ciJt 17 j &s ,It.

*contrcl. thE tiain zcitwait wit ,.ir t..', t.Z:z C

c ollE c t raw data transferrtd to t h t teSt 1rntkcLUdcE z IC :

FrOCEEees within MDBE, process tiLe riw data into It1it

form and stcre the data A'or f UtULkL USe. ct!hcr LUjjtlCL jrt
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intrcducEi .:2to txistirij tesEt interf'ace soitwarc to a 1 1 in

ti', MEss a E-.assang r:E Liieier.ts Of the jezrior ance eu-

LE IjOizLCdtiCn Of T&>jiViddal PLOCe-sses

,h E ?CL iroCEESss within IDBS are mi~iiza toC ra s

je ~ rcrma zcE measurement messa ;Es. A-1. oZ the renai:3in
ioECE5t5 r :ceiv&1 i3Entical icdificatioL. !he send/receive

porticL cf evezi process is modified to include trnE cda-

Llity c.: -:ocEssir~ ierfczmance Measuremnent M.E JS.

Send/recEivE i s used for inter-process message a _

Checkca. ts arE i1aced in the MDB3 processes at the mEzs~aie-

~adi~(icw) routine level1. A timer routine IS FlaceI in

Eaci' Frccess which receives ccntro. messages frox' thE tESt

in ate r Ia CE. Anj inlitializa tion Messaja Causes tn E t. 1er

routine to initializi the data coilection array to zero and

turn cn a Selected checkpoint. As IJBS-generated messaces

pass tizrcuji. a check~cint, the timer routine is call.Ed. ~h k
a tm er zcutine accesses the system cloLck and stores thie

messacE type anid timne in dri array. A completicn message from

thae test interface causes the routine to transmit the data

collecte3 ii: t.he array to the test interface and tc tuirn cf~f

*thIe CZECX Cint which is timed. Figure 5.b snows the modif'i-

cations made to the directory management process aE an,

Exam~le c-4 the i~ileirEntation of the jeneiai modifications,

sh~own in ficu.-e 5.3.

4. _ !S'ES - ESolVEd Dur inj the Implmntto

I'~s an expErimental datab)ase machine. As such,

it s urcer constant modi.Lication and Subject to use by many,

*zysteu developers. TI.e MDBS software engineerin., environ.MEntD

rte ,ireZ tfr-t versions be used to control program mcdifica-

Uaon, L":t it i.s impractical tc create new versions of : LBS

Eve;. tia., d single iro'jrair is modifi.ed. One solutic. we
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Figure 5.6 TtE Directory Mana ement Hierarchy
with Checkpoi t s/Sot tware.

iaPlErrE-tEd is the zaiLtairdrcE or an in,-use lilt-. 1,E:.

ZOM,,,CnE dESired to mcdify a prcjram, t aeC zy,:am is cc.it-n

to thE JEVEloper's private work space. The d1,-veiciEr aadieS

4
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ar. zntry i.- the in'-use file wLich indicates who is currEntly;

modifyin that -articulaz jrogram. :flis methlod al!CWEc tih.

( develcpEr tc modify a program, co~ieand t-cst the- ~i i~i-

Cat icr. in. a. enviror.mtnt away from tAhe main- MLBS knVIrCnn.ZEnt

in crdEr tc avcid cc rromi_-z.ng a zanrctiorial system 3. ad

retarr the -rogram tc IDES upcn compietion or testing. r

methcd avoids the possibility cf two d,_veiopers cjrcur.rEitl';

modifying thc same pzcjraA and the ensaivg problems. iacr.Iae

time is also at a premium. There is no easy, soluticr. zor

tai ::. m~ich cf thE measurement ir-ist be conducted durir3 ncn.-

pekhours Such as late evezing and weekends. :-his is nECES-

sitatEd hy t!he reguirement that tae measurement c-4 MIDES -,-e

accom~1ishEd in a stand-aicLE environment. SiLce the M9Z3S

contrcller is i nplezEnted. oni a time-sharin system, the

* entire machine has tc te reserved for pErformance testirg SO

that MDE.E cculd te run in isciatioa.

The perfcrmance measurement system places additioral

demands cmi MDBS systeu mess age-passinj software. Except for

Z cne tase, the system responds without protESt to this unEx-

pk:ctEd icad. The MESSage-Erccessinj routines Of the [MEBS

lackEnds are not designed to handle the transfer of 200

internal perforMance-Measurement messages from a t a cr-En -

E rocE.Es to the conticller. There is not sufficiezt Es:ace
availablE tc store tIE pointers re~juired to access this nar~y

messacEs. The MDflS Erograms are easily extendtfd tc 3ccounit

for this change in mEssage traffic.

*The M1DBS ccrtroller: Leside4s on V AX-i1 1/ 7 ' u;,ic:.

operates under a t im e -s ha r ing mode. When n t e r- c c m E ite

MessagE6 are pass ed cr the PCL, t;ne operatingj sistEi txt~t

a confiI natiLon withir d certiin time i-tervdl. V'. i 1 :

* p~~rot!Etts occur durir; tat- Eornai~ rto.o ZC

lar jE message t raffic from tnE <ICKen i'_ to ti'ct- r

daring in tErnal zed !urezen t rej jir. MOr', tZt::

allIot Ed toc t he c c Lt rc.11 eL >Ilrxi it"



VAX-i1 /7Ed. :h-e res ult is tis t tfnet oo~~l~i o~c :.

t-> VAX arc sds Er.1dEd while thE hac1%eno, is stil. ras r

(ovkerL tAC ECL. When t1E PCL receives lio res 'ors'e it iss

an Errcr. arzu aLorts. OtVia 0usIy this is not a picLl~ Ic:'E:

tx-e .F! sy tem runs stand alcne. Hojwever, sdoh dahorri0L

does ircvict morE: than an inconve:nie,.ce cdiri,~tei.zn

ataticr of the Peicraance measureient system.
Currently, AIES utilizes two iii-Ere .nt tv.-e cf ur.i-

COM ;utErS. This trazisiates in to t wjo di iferent o Er ati>

systEas, twc lifferezt text Editors, two dife(:rentczair

(and twc d if Z=er Ent system clccks w .. i c r e cord t i ZEs ina

d if f Er inc urL it s. Because of t hi s, perfcrlance pro~.rals an-

t.Le ccnticlier proceses and tne bacKEnd jrocessEs arE iCt

identical. Different access mecLanisiaE for s,!stem timErs

MUSt he Cleveloped and a routine must be aeveio~ed tc ccr.VErt

tsie times received from the tac~ends i::to the ecuivalt-nt

time units cf the ccntrollEr. Additioral. tiate and E.ffort

are ZEI~uired to become sufficiEnfti; know!,?edale -on. t,-k- two

CsystEzz in crdf-r to LEgin im-lemEntation of t4E, PErf'Craa.Lce
3teasUrEMEnt methcdolc~y.

E. TE.E ?GDIFICAIN CF THE MDlES TEST ENVIRONM'ENT

In ccnducting performance ireasurements, one demands; tnat

all the rpeaZUreMEntS te consistent as well as rej~roduciriE.

TherE should he no inconsistent, unexplainA.able rtEults.

Further, tte results should te reproducible with re-runs.

'11hS section discussES the n'ecessary Changes in the tEst

Envircnment to insurE consistency and rEprodciblitv. T I- en

We? jLESEnt the software tools used t j mak~e tGE t L-ti L

EdSiJE: ard smoother.

It



c. t ss - t o t- e 1est :7nv ironmern t

.E :net.-COlC ieS A-or iltftrLi ani eXterz-al ton

d,:CC ZEUjiurmets or a 5datahase system -ave on e pr:E.-EUi

£it t. '.YE Zt:.-Ult5 JLt 1.0t te iCCI.,eatdl.. LIese Ze~lults

-t- t, t consistert aru rcprcducible. To acn iCve CCEI~S-

telncj an: rEij ro uci tli ty, we must --e ab ie to ccntrcI tan;

tesIt E Zv ro r.e n t. Every scientifi9 exptriment rEquir:Es thlie

t*es t EErvircnment to be ccntroLiei, to insure thdt il

factors fzitcting thE Experiment are known.

7hE E. uerimental MDBS, the system to be tEStEI, La

its ccztrcller procEsses running under a VAX/VMIS Er-.Vir-

iaent . This reu ires these ErcceSSeS 3of the COntroll6.Er to b

run sixultaneouslY with the other Lon-system processes in a

timesharin envirouzEnt. Under t-,i s environme~nt, thet
0 res11lt S obtained would be erratic and inconsistent. :'

aileviatE this, several preliminary steps are taken Fricz to

final tEstir . Tae tEsts are run standi-aione with all cthez

logirEs to the CcmFutEr disarLiEd. Ai. processes are civer.

t~ie highE.St possible real-t;me priority. Swappin'j cut Of
procEssEs in th,-e wait state is disabled to retain the
procEsEs in. the physical memory. Paje fLtar Cisb

by inctEasing the working set sizez to the Size Olt tihe imagte

* Of Each iiccess. Inl this way, the VAX/V 1S system a~iEars to

toRe Evaluatcr as a single user system.

2. Software Tools for tht: rest 7nvironm,:nt

0 An evaluator should undErstand the systEx to be

tes t Ed, dEtermine the varicus iarameters to Le altEr&1,

specify the various data to Le co. .ectad, a.n, iot EZrrEt the-

results. TEdious and busy work, such- as modi-tying the i:;iut

6set or the systEM ccnfiguaraticn, Cdn T,0e dine inaily and'

ar e t im E- c cr.s amig 9 ithout ro,-Ez t -cK0iS. N eEr ta Cit.ss,

thesE modi~fica ticns are rnececssar, anad can te autozatcd b

using software tools.
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In Z Re f. 9] softw are has been j roviied tc -ernE-atlz

a datalazsE ar.d a requEst set, Icad tr~e daasa;.d rur. z.

r,-gUES t Su-t against the datahase -whic, can all LE .1e -S

th'-e tEstir. of MDBS. --his allows for easy c r ia t i c a n

modi fic Litior o f the selected datab~ase and re..uestz. h e

system scftware needs to be mclifiea during tat- tEstizn tu

3 aCCOMUCdatE such thizgs as charges z tne rumnnEr ciL lac ,tdE

teing uL~d ty the system and whether or not intternal tesTing-

is tc he performEd. '_cach change ra.,uires a reco:._laticr. of

t.nIe systemt software. :0 4facilitat_ -.i S ch -e ad

Insure cnly recompilation o~ necessary f iie s , the E r..x

'nai&E ' CCM~dnd is used. B riefly, execatuior of th"is ccaa&U

would crhEck a file creatEd ty the autaor. 'Ihis f il1e 'oIii

indicate all intErdejEndEnicies of all files )f YIZBS. 1 a

*file has tEen changEd, al 11 ther files effected C'' nnn S

changE will automatically te reconmpiied arnd reliLRiEd ujio,.

EeCuticr cl thE 'makE' command. in tnis manner, thE syste:n

could tE ZECOnf'igured wit., ease and wdith tnie assurance tr.at

Call effected fiies are changed. Jsing these sof tware toolIs

for the test enVironaEnt and with proper control of tae test

Er~vircrMnEnt, tne tests are made easier to conjuct an

contrcl and are knowr to be consistent and reproducihle.

C. AELIIICNAL MEASU5EEENT SOFTWARE REQUIREMENTS

In crd*-r tc cciipletely Evaliate :D'_s, the MEsa;3

passing rrechai-isms must be mcnitored to dEtozinE the tIME

regairE I tc pass hctnii r:t er-c oat er and inter-prccEss

m(-ssaCES. Although the Measurement Of these MessacES CcoUlI

cccui dazing the exEcution of IDBS, t h environment unn-er

which th E me ssages d 1: passed couild te MOLE esi

contrcliEd if th-e messages arE evaluatead outside cf the A:35_

EnvircnmEnt. The results of these zitasurements are ccnt ai;.e.

in- the iLExt Chapter 1.
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1. inte-COtn~UtEl AessacE Processi.;j

%ew software does not nave to tlj t

met a Su rE tic time r E ui red to iass mEssagezs r. t E cC. L

Pr-ojrazs are '.r ov id ed by t he manur act arer of t re r-CL L~

measurE the nessa~e-Eassinq tize. :he evaluator Is :ive cz2

capiilitj of spEcifying which node oni the PC' is to rci-

t.h-e mEssage, the message !length and the numher orf nesza-es

to sEnd. IhE software generates and sends the messag-es, then-

irovides the total time tc transmit the MESSages tC t 1-

Evailuator. The PCI is implemented as a rir.4 bus. ecaisa o:

this style Of igleZEntatiCn, we decide to send n'essa-es 0

from cnE selected node to itself. The times cbtaine arc ar.

upper hound to the irter-computer message passing time.

2. IntEr-flrccess Messa_ e jjroe ssiag IEasurement

ircgrams are written for the izter-process nzEssage

proceSSing measurement. To determ.ine the time recuirEdI to,

pass a MESSage, we dEVeloped two prog;rams. The first program

gets the time, generates a selected number of messages witL

a selected message length, azd sends tham to a seccn!

progrzam which receives the messages dad then gets the ti-Le.

c run the first prcgram at a hijaer system priority thar,

the Seccnd to Erevent the system from process s'witchiLg

leforE all the MESSaces naVE teen generated. A fter genera-

tion cc all. messages by the first program, we thEn S Et the

System pricrity of t he sendizg program b;elow that ofZ the

recEivin,: krogram, ti~Erety forcing a process switch. WE Can

then CCIEUtE the aveiage time it taxEs to pass a Szin. ie
messaCE co the machirE. To obtain a nigner degree of accu-

racy we must account for the time it takes the syStem to

switch procEsses and the tiae it takes tiie system to alter

tlhe pricrity of the sendingj ?rccess. Programs are writtEn- to

account for these times. :he program written to accciunt for
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C', V". 'lEE BEN.CBMARK OF MilS

'lbe ccnstruction cf the test datajase a7- t~e SEIECtIOL

ci ZESUEStS are very i.aportatt iL the rzormance masuit-

* rent cf a test databasEe system. 'Ihe test database shcul be

rEprEsentative of a real datatase, but, as PrESEntEd in

[Ref. 7], the test database sinculd be aodeled iadepend*:nt of

any specifi'c database. Both the Test database an i the

re, uests selec-ted shcuidl be properly modeled to a'Llcw for a

com-iEtE exErcise cf the target system. At the samE ti: e,

arall:Eteiz must not t:E seiectEd randomly, hut rather s~cui.J

icrEatEd to PrCV.iE the evaluator fiexability and eas-e of

* Evaluaticn. In this chapter, we fizst describe tf.E ~::

iwhicr the test database is mcdeied. WE tileL CAeSCrihE tAE!
rejuEst set which is used in tAeI romne esrln

EXjPEriMEntS.

A. TIEE HELECTED DATAEASE

Since MZBS is ar experimEntal datab-ase system, it is

constartly being improved and enhanced. For this rEascn,

trie t4est database is designed to faci~I.Jtdte measurements 2

being Easily exj andable. A distinction will ibe made in the

folcuihc discussi.'ons betweeL the design of the test data-

tase, which allows Icr future measurements, and the actual
-0 impieaErntationi of the test database used in the measurEment

EXPEriMEntS.

1. 'Ihe Desi-n of the liodel Latabase

SEVEral factcis must he conisidEred in the dEsisn of

a MOdEl data-base. sinice the system beiLg measured can b

confiquica with eitLEr one or two bac~erlds, the 'ok

0



rec uirE2l to ErocEss a request has to ;)e evernly divisible to

accon~c~atE the use cf either one o~r two Lacken-ds. ~

types ci work involved are attrihute search, dEscri-tr

search, cluster search, addreis generatio,- ani tr-e re-tritmva.

and SElECtiCr. Of reccids.

latle I displays the three confijurations to bE dsel

g in the jerfcrmance mEasurement of I1DBS. The conzii~urat'icns

have IEEL selected tc Simplify the verification of the ILBS

FerfcimancE and capacity claims. These clai4&ms are to 1)

halvE thE rEsi onse time by douhlin thIe numnrer of hack--rds

fand kEEj-ing the size cf tae datatase constant an-d 2) xain-

ta - a ccnstant respcnse time by doubliL Loth the I-untEr Of

tackEflds and the size of the database. As shown in ahle I,

Gojnc ±rcm Test A to Test B maintains a constant data-ase

*size but allows the database to be even.Ly split bEtwvEEr. two

hacErds. Conversely, going from Test 3 to 'est C doubies

the size of the datatase at Each backend.

I TABLE I.

The Benchmark Configuration

Test No. of Backe-nds I byte/TaCKend 17
An

B J. 5f

!C Z'O Erly EVailatE a dataoasE system, varicus

J't :I~. lleed to bE used. The sizes are chosen Lascd on

t:. :;.~ it c.' disk mania,,Emat. Ir Y1DBS, this is

S2



th~e lc.~ica2 track, cr block. M:) BS -rocesses infcrmaticn
f roi tnc ~odr memory uiga 4 --- - ic a1I track.

GivEn a -Iocksize of 4Kbvtes, we reonz~ccrnstructirs the

datdaaE wit!, record sizes of 200 Zytes, -1-30 bytes, 1C3j'

Lytes, ard 2000 bytes ZBef. 7]. :is ives a range or 2 to

2J LEccids per block. T his also creatteS dr. enVjIrrlEnt

% herE -Four separate databases, corres,,o:-din; to the fcur

record sizes, must bE eneratEd and tested for each corfi,u-

raticr given in Table 1. Tatle 11 j ves the corrEscr.,Linj

relations hip between records aLr2 ,ccks.

I TABLE 11
*The Reccid-and-Blcck Relationship

IEC I d ecords
S-r ize I ez

000

As described in Chajter IL!, the targEt syStEL

0 torEs fEccrds in clusters. Frive cIaster categories have

LeeL selEctEd for usE in the creation of the model datatase.

The distinguishing characteristic of a clAuster catEgory is

the nimter of blocks ase d to store the records in the

Farticular categcry. TdblE III oatj-L-es tne sizes of jl

nz the f-ive cluster catt--oriEs. On~e fnalrite, thE rumher

of Llccks pEr clustei mu~st be even. :n 6 , when the rumteL
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cf Eackends is ircreased from cne to two with tae numter Of

records in the database remaining ;onstant, we are guaran-

teed that each tackend will have the same njmber of _locks

per cluster. For example, when the ciuster cate~cry is

small, Each backend would have one bIock for the particular

cluster, insuring an even distriution of the database.

TABLE IIII The Cluster Arrangement

[Clusters Categoryl Blocks/Clusterj

small 2

small-medium0II -- - - - - - - -

medium 6
I medium-large 8

[ la r . E0J

Ccmtining the data in Tables II and i, we can

construct a matrix cf data which represents the number of

records jer cluster category. Table IV, indexed using the

cluster category and the record size, details this infcrma-

tion. The number ci reccrds per cluster is obtained by

muitilying the Records/Block results from Table II by the

corresEcrding Blocks/Cluster results from Table III.

The remaining considerations when developing a test

database involve the specification of the directory struc-

ture for the particular record type. In MDBS, a reccrd

template, which describes the record structire is definEd.

The record template defines the number of attributes in the
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TABIF IV

The Reccrds per Cluster Category

I, um er oA RecordL per Cluster

(FEcord
size (200) (400) (1000) (20)J oI in 'Eytes)II

small 40 1 20 8 4
S E 1

ZEO I Me diuM- lar g 4 _ _60 I 32 16-- _____________ ________ - -i

Y large 200 10 0 j 20
I

[S

record, and for each attritute, the attribute nafe and the

attritute type (either integer or string). Given a record

template, the directory and non-directory attributes are

specified. For each directory attribute, a descriptcr tape

and descriptor ranges are defined (see Chapter III).

2. he Implementation of the Model Database

'his section examines the implementation deciSicns

made when specityin; the test database and the testln

strategy. :he current version of ML15, the primary-memory-

tased directory manacement, stores the directory tatles,

i.e., the AS, DEIT, and COT, in primary memory. Giver the

primary aemcry limitations of the backend, we are forced to

limit the variables JIentioned in the previous secticn. Cur

first decision is to limit the size of the test datahasE to

a maxiuau cf 1030 reccrds per hackend. Table V displays the

configuraticns which are used in the performancE meazure-

uents of MEES.
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I TABLE V
The MEasurement Configurations

IT 'EST INo. cf BackEnds j ecocUs/3ack,;zi-j

1. 1000

I IC.E I2 .11000I
1:! 11000

B 5)0

Five different systemi conii~urations are neede3 fLor

the MEBS Ferformance measurements. Tests A.E, E.E, and C.?F

are conducted withcut i nt e r na 1 erf ormance softwarE in

Elace. Test A. E ccnfigures DBS with o,%e tackend and cnE

thousand rEcords in tl-.e test database. lest B. configures

MDBS uit- tuo backends and one thousand records split everly

Ct~tween the backEnds. Test C.E also confi~ures .DES with
two hackEnds, but, the si ze of the datahasz is dcutlEd to

two tbcusand records. Tes t A. I and 3.1 are conducted with

internal jErformance zoftware in place. Test A.I configures

* IDBS uit- one backend and one thousand records in the test

datatase. Test B.1 configureis MDBS wit,i two backEnds an'.

c ne thousand records Split Eeely nEtween, the backEr~cs.

Using thEse five corfiguraticrs, tne verificaticn of te

*MDBS Eerfcrmance and capacity cidims is simpiitied and the

perfcrmarce measurement methcdolo~y oi Computird the

interrai measurei-rt cverdead is zacilitatEd.

Cur second decision fixes tht. recora size at 201

h ytes . 7he 200 byte record iiaimizes the primar., mEmcrY

require-d to store th.E record templi te. I n actuality, a

record of 198 bytes is used. -. Ie( record consists cf 33

attritutES, each re~uiring 6 hytte of storage. The r:ECCr,
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temnlat file used in our experimen.ts is shown in Figure

6.1. Ci the 33 attributes listed, NE1l and :NIE: are

dlrector. attributes. :1JL II and STRJO to STEP9 are ncn-

directcry attributes.

In cur next 'ECiSiOL, the descri to: types and the

descriptcr ranges fcr the two directory attributes, :NaE1

and INTE2, are defined in the descriptor files (see Figure

6.2). The values for INTE1 are classified by using five

type-A descriptors, each of which represents a range cf 2k0.

:he values for INIE2 are alsc classified using t )p-E-A

descriitcrs. The first twenty-th~ree ranges for INTE2 cover

40 values, with the last range covering 80 values. The

noE-unifcrmity of the INTE2 descriptor ran es is caused L; a

size ccnstraint in the Concurrency Control process.

Attribute Name I Attribute Type

N I E integer
INIE2 intejer
MUII srinSTEGO string
STE01 string

ST 29 I string

Figure 6. 1 The Record Template File.

Ey utilizing the attriaute and descriptor files, tht

record file is 3enerated. iNTEI and INTE2 are identical,

heinc the next sequential numLer after the rrevious rEcord,

starting at 1. Tnerefore, the one thousandth record iould

have t e (INTEI, INTE2) pair set to 1000. I i 'E

attritute, %hich is cf type character string, is set tc Cne

for a datahase of orly 1000 records. The intent of this

attritute
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Attrilute SaME Descrijitor_ Tye Descriptor FarcE

IN:E 1 A 1-> 200
1 201-> 40C

401 -> oOC601 -> 0 CI 801 - 100 I

IN E2 A 1 4041 -> 2C
81 -> 120

I 121-> 16C
161-> 200
20-> 24C
24 1-> 280

It 281-> 32C
S321 -> 36C

361 to 4000
401 -> 4 40
441 -> LEC
481 -> 520
521 - 56C

IJ561-> 600
601-> 640C

I 641-> 68 C
681-> 72 C

I 721-> 760
761 -> 600

I 801 -> 840
I 841 -> 2 C

881 -> 920
e 921 -> ICC

Figure 6.2 The Descriptor File.

* S

I I
I I'-:1 INTE2 I VULTI I SI500 I STR01 I -- -:R29

100I 1 1000 Cne I Xxxxx Xxxxx I ... Xxxxx22 Cne Xxxxx Xxxxx .. Xxxxx

41CC 100______ x Xxxxxxx

------ --- I

Figure 6.3 The Record File.
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is to ir~CrEase the LunLer CZ r1cczis Er lus trZ.
Cd tdhasE. Th is is done by se t t ing AJL::! t,; 0o r

CEtc., focr each (i I El1, .1N TE2) pair In t.1'- ca t Ia .

"Iherefore, to double the size cf tate dta "dst, evtery(.1

IN:E 2 lair will haVe a,. aociated UL11 ittritute witi.

Va,.I os0. Cre and Two. The remaiziinj attribLutes, -CEO to

ISTR29, are zet to Xxx.xx as fillers. Figure 6.3 dEpaicts the

ge:neral layout of tIe record file fr 100) records w1.-re

E.jLll is set to Cne.

Given the- stiiLcture d _scrized, our last decisic: is

[ade for us. The Eecificatior, of 24 descriptors fcr the

INTE2 attribute, ccupled with the record file stractire,

generates a database that contains 24 clusters. The first

23 clustEzs correspond to the smail. cluster category, aI>I

0each contains 40 reccrds. The last ciaster corresponds to

the suall-rEdium cluster category and con-tains 80 reccrrs.

'lo maintain consistency ir. the retrieval rEjuests (discussed

in the next section) , we avoid any re,,uests that access thbe

Clast 80 rEcords in tne test database using the 1 N 7 E2

attriLute.

E. IEE FEQUES1 SET

ThE rEcues t set used for cur performance measurta-ert is

given in FiGure 6.14. Thie retrievals are a mix of single or

double predicate re~iuests. Since the majority of the work%

l one on a dtdbase is to retrieve data, we limit the meas-

uzemqEntz to only retrieve regluests. In every rejuest, 1/2Kof thIe tir Et attritLte values for each record is retUrned.

T he first retriEve is a request for only two records from

*two sEpuiatE clusters. The secozd rejuest retrieves 1/4 of

t1he dataiasE. Se v en of the 24 clusters must he examined.

Ail Lrecords in each cf the first six olasters are retriEvEd.

Cn.'y 1/4 of the seventh clustEr, defined by the rar.~e fnom
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1 (IN:E1=10) or (IN:E1=23 0) I

- 2 1 __ (INTE2 :S 250) _____

3 (1 (NT L2 S A30

OW4 I I:1 1J00)

-------------------61INiE00)_or (II.TE1>6301)
6 INTIE1:5200) or (INIE1 301)

I-----7 1 __ (INTE1 20 1) -

I I 8 I(INTE1 431) _ _

9 1 (INTE1S201) or(N13 )

IhE Target 2ttribute-Values for Each:I I
II(INTE1,INTE2,MUL'IT I _O,S0R1,STE02x,SWP03-,STh,04,1

EliC5,E--R6,STLRC7,SDT-OE,S09,STRI,Sl~ll,57F.12)1 I

Figure 6.4 The Retrieval Reguests.

2141 tc 2380, is retrieved. In the third reguest, 1/2 ci thet

datahasE is retrieved. Thirteen of the 24 clusters must I-e

ExaminEd. Ali records in Each oi the ftirst twelve clusters

are returned. Gnly 1/2 of the thirteenth cluster, 'EiE2

hy the rarce from 4E1 to 520, is retrieved. Th'IE system

searches cnly fcr records having values in the rargE friom

481 tc SCO in this cluster.

0 ~IhE Entire database is examined in the tourth r:E'.uEst.

The f ifth roEgues t retrieves 2/5 ol the database. Th'e -cuEry

is JividEd into two Izedicates, to obtain all reconz3s Lzom

the fEirst tive clusters, and the lastc four clUStErs. Thle

* siXth IE UEst is a retrieval of 4/5 of the datacase. A g diz

the ,uerj is divided into two irEdicatEs, to Otdir all

zecords :-,rcn the first 10 clusters, ±r~d the2 last Lint

Clusters.

0
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:hE zEv~ntn and Eighth rEcujEsts are simiar in intent.

Te zEvErth re~uest EzamiJne s 10C ciusters, r iii cnLI 1

Crecord tc hbE rt-trievE" from the 6tz claster ar-d r.eecjnc ail
records-' ftc: taze first five Clusters. 'he ei g :,t , re zuEst

e xa M re 1 ci usters, r e uir in;4 only 1 recor! t c b

retr iEvE from t ne 1 1th clusterz adr2 neaing nil reccri E f Lom
*t,.e f irst ten clUStErs. The ninth and final recuest is

cLiiar to the fifth reguest. Jut unlixE thet fifth ztcuEst,

t en additicral clu.stEIs MUSt h E e xaaninl.: GnU tAC of thu

zr-cords uith INTE1 values of 231 and 301, are retriEv( : :iom

the ten aiditional. clusters. Ali records in the rEmainiag

nne, cllusters, like the fifth zequest, are also obtainEf b

tx.is re-triEval. 'Tatle V!, a presentation of, tlhe nuuibEr of

clus3tEr I:Sexamined vErs-is 'tfe Percent or the datatase

*retrieved, is a syno~sis of the pre-vious discussicr in-

tatulai fora.

The rEqu~eSt set in Figure 6.4 is not intended tc be

re-prEsentative of a ccmprehensive ani complIete reCJESt SEt.

The cal is aot to Exhaustively measure and evaluate 'ODES.

Fat,4E r, we focus or a.plyinj the performance MEaSUrEMEn-t

metacdclCgy to YDBS to validate the basic performancE and

capacity claims of tlc= system. ;ie feel. that these rcluests6

ar sffcint for ~cha validation. we w4ii refer to

ti~esE rinE re ,Uests, i.e., retrievals, L)Y their rtcord,

number ir, sufse, ueat -discussicn.

0



TABIE 
VI

% The Numter of Clusters Examined
and the Percent of the Database Retrieved

I Re ,uest Number of I Volume of
Numher l Clustezs I Dataase

S I I Examined R t r i=ved

2 records

2 7 25
I -3 _ 13 -- 5

'4 24 (all) 100,.

5 9 4__ 4O___

I 6 T- 19 1 80i

7 1 13120 + 1 r cord

815 440% + 1 record19 40%O + 2 zecordsi

0
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C WI. THE TEST RESULTS

In this cnapter, we presEnt the res~ults obtainrEd Iozi

te jE~rziance meaE~zeiaent c.: ADB3. :1 D 3S i's c ur r E.lt

* confiouLEd ,ith the irimary-mEmory-basea directory ma,-a.E-

ment. Inr tiiis vErsicr. of MDBS, tre directory tahles, i. '. ,

the Al, ELZI, and CDI, are stored in tae prinaarv mernczy.

EXpEC t tC achieve diiferent results wirn v ersion ? ~

secdry~mrybsddirectory management is IipLE InE Lt:,:.

T tez t int e r a ce is u ti.Lized to send thILe rEtrieval

L E':'JEE t;S discussed ir the p re vious chapter to YE E S Zo r

prOCEEsirj. 'Each re~uest is sent a total- of te n timEE e:

3atdLasE configuraticz. Th-e response tinwe of each recuest 1-4

rECOrdEd. After some trial runs, We COnj UtE the Stardar'-

deviaticL. E- determniLe that ten repetitions c.' each rECUESt

is sufficient to provide the desired a,;curacy.

I he internal prccessing times o -fth'Ie M . -'- '

routines which are Lzed to prccess a retrie-val rE,',ESt a3re

also tiMEd. Retrieval (1) and Retrieval (2) are selected to

conduct internal timirg. These recuests are seltctEd since

they zetrieve the small~est portion of the test aatab'asE anJo

the processing time fcr each rEguest Is minimal. REcail. t.at

Each IIESa E-handlinc, routine is timed independentl3y c.' dill

others and that each routine Must process MUl'tipl-e l E: :JeS ts

so tiat an accurate average :ray be computed for: thE tiMC

reqjuirEd tc process that resuest t Ype. Sixteer. mcessage-

handlir g routines are required to process a rEt::-Eve

ze.~uEst. if we send thenty rEcuests to Eacii routine, d tital

of 32C LEq UEStS must be brcse y '-IDBS. Based c, t~IESc

f iurEs, the time r:Ecuired tc condulct ti.e internal eLZr:a-

ance as!urEment of a retrieval t.at Gas a reseonze tiare C2

twernti se-ccnds will Le apprcxiwdtely 107 MinuteE. Ti
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fijUrE ICES not inCl coE th-e d IiLIStrav t c IVL EJir E t,.

jctEs the internal zeasuremr~att uata. F J r tI SE rcn

iL3 ItE d thE .1ntErnal erf crnancE :s eE:t c, Est tD

FetriEvalS (1) a nd (2) .

Additlcnailv, WE also limited the iuiier of eettcr.

pr MEsar. haiidler t c t we-,r-y. This is dcne to ZE uc C E

processalrc tiMe -er ZESSage handleir. Ho we v erZ t i I-s CE Ci .. 3
rtedUUCES the accuracy of- the intErnal , e rfo rmac E ra su 1e-

meult, -fro ten-thou sands to huniz-adtis a: a stecon-;. hs

th-e intEinal Performance MEdSUrenen1t ti:es provide c : .'; a.

( ~rouj,-, estimate of the time re,,uiredi to ha.ndletn repca

zessa cEs.

'lie first section of this chapter contains th-,,= xttzr.Cal-

tim~nc results cbtainiEd fro LMour measurezients. ;; c a r)

4 d~~iscuss the p erformarce and capacity inm rovements c Lt a I 1d

hy addinj tack e rds. !,% th e second secticn we pres Ent tn,

results from internal iperformance measur ement. :E f mral

sec t icn examines: t he inter-process and inter-coziEutez

7 essaci- irccessinj times. Cne Zinal ,.o te, t Ie .3i T, ,

ared su r e.Ent presentEd in the taLi.es of tna's ClnaptEl jZe

EXpEsEE.d ir, seccnds.

A. IEE EXIERNAL PERICBMANCE RESULTS

:ahlE VII providesc the results of tne external ro-

aince rrEasurEment of ?.DBS without the interna.L prrrcrm:zc

MeasuremEnt .softidre. 'I er E arte t.nree parts to % diE V I.

Bahjdrt contains tl-.e mean, and tae standard' dEv-LaticL c:

tne rEZ CnSt tim(es- for BettritVais (1) t:nro)u,3: ('9) , : ro

outlired iL CLater 'd. :h t--thr ej ar t S Jf ThnfLC, Vi: 1 r tr-

s enat t re E re n t c L)r, i*j u rio of oh M,, -. rJae n

thre atdhasEf recor I ca~acity. Lhe zilrst pa -t a

coniju LEd iith'- one Licz:2n and the dtdLdEs- loadd .It.-.

1,)cJ r ,coCrl Tlhe second"4 Part :1. , AJS ]Ltf r~ .. t wo



TABLE VII

The Reskcmse Time
WihcatI nternal Perf ormance Ev a Iuaticr SoftwarE

One Backend 'wo 3ac.: k''S 7'c. 3 r 4.
I EUStl 1K Reccrds I1K SE:Cords z I z I

* J ~~~~NUlrIZEr i-----i - -j
IIimean I !itdEv I~xeaL st", Evi m ' E

13.69 f- J25ii1-. 5 l3.)33S j J,1

3 26.9 C.0244 14.164 3.32u9j j 76. 7- 71 C. C05Ji

1 4 52. 00510 C5391 1 26. 58613. 1~ 3 2. 1-1' )C JjI

21.l )3033 j 11 _0l .. 551' 31.

6 I2 .23 5 C. C3261 I1. 62213 )4 24 2 . ~71 2I

2-----2 0 0 2 c' 6 11. 7  =4) 3 1) C. j 1 j

hdckErd.E, with the database contaiin. 1-00 rLco: r1

Evenly :EtWEEZ the bdckends. bhe thiri part .-as "D-I3S ccxz-.ij-

10 u r e d & i t h t o 
b a c k e d s , w i t t n t h e d t a ija s e o 1 e

Vil wc -ctice one data anomaly, the sza..:.r _-'viatic, zor

r(ejuEst (9) in the cne-hac ken d-with-1 0-rcj i ccrnn12,ia-

0 tion. Since wE did not conduct an ne:a jeorrc

Mt~aSUIGEwnt On this re~jues t, W e are r'ot sure what cau~cE5

tfiiS SKewe] standard deviation, an dat hn c E:wI :Ot atter 't

to offer an explanation of~ this anomaly.

* CGiv t-- the data iresentEd iri Tar>_ V I I, we cari. Low

a tt c m t tc verify cr disprove th4e tdo M 35z :cr::r;anzC

claimE. WE begin by caiculatinj tnie zrescrns-2-:s 4_ E rove-

mecnt of MLAE5. The reE sj.tiQE imEoy-e-nt i7 .. E to cc

68
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[ 7he Response 1
Time of I I

[ Configuration A II. I
I Be spcnse-Time I= 100% - ___ ____ 1CQ

I If 1ovement I ri L J ' The iteSPOnSe
L Time of

Configuration B I 0

- - - ----------- ...

Figure 7.1 The Response-line-Improvement Calculation.

tie percentage imprcvement in the response time cZ a

request, when the request is executed in L backEnds as

cpposed to one tackend and the number of records in the

datahase remains the same. Figure 7.1 provides the formula

used tc calculate the reskcnse-time improvement fcr a

particuiar remuest, where Ccnfiguration B represents n tack-

ends and Configuration A represents one backend. Thus, in

Table VIII we present the response-time improvement fcr the

data given in lable VII. Notice that the respCnse-time

imprcvement is lowest for reguest (1), which represerts a

retrieval ci two reccrds of the database. On the other hand,

the reicnse-time improvement of re uest ('4), which

retrieves all cf the database information is highest,

approaching the upper bound of fitty percent. in general, we

find that the response-time improvement increases as the

number of records retrieved increases. This seems to suipcrt

a hyiothesis that ever if the database grows, the response-

time improvement will remain at a relatively hijh (between
U0 and 50 percent) level.

Next we calculate the response-time reduction c Mn3S.
The r Ejcnse-time reduction is iefined to be tne the reluc-

tion in res-ponse tire of a request, wnen tlie request is



1he Response-Time Improvement Between
I1 and 2 B2ackends (External measurezent only)

NumLe-r fInmprovemenz
445.14

6 48.31

1K Rlecords I
No Internal-

I I~Easurement Softwarej

ExecutEd in n backends containin., nx numher of rEccrds as

cCPPCSEd to cne backEnd with x Iumter of records. -ig -ar e 7 . 2
irovides the formula used to calculate the the respcnse-time

redlucticn for a particular retrieval Ze.,uest, where ccnfi~u-

raticr A rcEresents cre backEnd with x records and ccn-fiju-

*raticr. 5 reiresents n back Ends, each j 4th x reccrds. I z
Table IX WE present the rescnse-tize reductions for th e

ddta given in Table VII. Notice that the response-tiie

reducticn is worst for regluest (1) , which represents a

4 retriEval of two reccids of the database. Cn the other hand,

the rEcnsE-time reductions for tat retrievals which access

larger Z:Crtions O~f t1E database, re~uests (,4) and (6), iaV E

crnly a snail response-tiMe reducti.on. In general., we found

t,%at t1E rrEponse-tize reductic. "decrEasEs as thE nUMhEr of
records retrieved increases, i.e., the response time zremains

virtually; constant. Again we seem to havve EvidenCE to

sup~crt th E hypothEsis that, as the size 3f the datahase

4
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ii.cr EazE z, the resicise-time reductin)r will. dEcrease tc a

rElativEly, low 0. .11 or less )leve..

The Response I

Ir Confijuration E I

IIFesfcnse-Time C *- Tieo A
I. Eduction

L Configuraticr A

Figure 7.2 The 1eponse-Time-Reduction Calculation.

I TABIE IX
The ~Esponse-Time ReductionII In Doutling the Database Size

IR [Re Ue s tI R'es -0 ns eie I
I 1 Nufber eduction

1 4.49

7 .4
6 0. _ 12

1Records on eacai
B ackEnd

No Intenal
I EaSUre ent Sof tWarEl



7aLe X ?rovidea tie results of external pErforffa.ce

zeasuremEnt of MPBS %ith internai performance measurement

software ir 'acE. !here are two parts to Tatle X. ac1h

part contains the mean and the standard deviaticn of the

respcnse-tiffes for the reluests (1) through (6) which are

OUtiinEJ in Chapter V. The two parts oz Table X zerEsent

two different ccnfi;urations cf the MDBS hardware and tae

database record capacity. Eart one has MDBS configured with

one lackerd and the database icaded with 1000 records. Part

two has ?ZBE configured with two Lackends, with the database

containing 1000 records, split evenly between the .ackends.

Re did rct measure the respcnse ti.es with two thousand

records distributed cver two tackends. we felt that nc addi-

tional informaticn wculd be gained by conducting the zeas-

uremertz.

CTABLE X

The Response Time (in seconds)
With Internal Eerformance Leasurement Software

Eequestj Cne Backend Two Backends
I INumber I 1K Records I 1K Records I

Eequestj ____*1*an sde
1 --. 205i 0.0436 2.219 0. 04741
2 } 1.418j 0.01721 7.4JI 0.02771

3 2E.903 0.0119|1 13.8541 0.030|
4 5C.750 0.03741 264021C.05961

I 2 j C.972 0.0271j 112 4 0 05281 1
6 41.26210.033111 21.51710.05751

Ar interesting arcmaly is discovered when we ccmarE the

respcnse times cf the external and internal perfcrzace

measurement tests, i.e., parts one and two of Tanles VII and
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X for rtuests (1) thrcugh (6). we actuailly ound a -erral

imprCvEMent, from 0.11 to 5 , in the resronse timES ct the

requests when the intErnal performance measuzemect software

is iart cf the MDBS code. Cne hypothesis is that this is

due tc tie manner in which MZPS is implemented on the tack-

e.ds. Currently, there is not sufficient rhysical ZEncry

r availahlE cn each backend. The result is that disk cveziays

are used tc swap in the code necessary to run M D3S. The

additional internal performance measurement code may cause

the clerating systen to overlay differently, thereby,

tenefiting the overall performance of MBCS. 'e still

telieve that there is an overhead induced by the internal

measurement code and Table XI provides evidence hy dcmcn-

stratins that the response-time improvement achieved by

addiLn a Lackend is nct as good as that of Table VIII.

TABLE X1

Ihe Response Time Improvement Between
1 and 2 Backends (With Internal Measurement Alsc)

NR~Euest Response Time
u ber Improvement

1 I 30.76
44.34

346.52

4 | 47.98
- 6.39
6 I 47.85

1 K Recor ds
EvaluationSoLtwarLr
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E. tIEE IMt ERNAL PERICEMANCE RESULTS

7ahlE XTI providEsE the rEE~Uts oi t- e i -tern a 1EE j3tZZ

Cance frEaSUrEment of Y.?S f:or a retriEvdi re~urzst. The tizes

measured1 fczr each a~ssa~e-riandiiz routine are- GIVEr :oz

hot: leuESt (1) and (J__ :1.e .. es~-adi~routinES are
listEd 'with th"'e "I D 1ES procEsS wr.ich contains the rc uut.-e.

aAlthcuh' the results are ivtnL to four .jecizal Elaces, w C
Cnly trk~st t;.e accuracy to the second decimal placE. :he

rEascn i:cr t his has heena diszcussed ia t r.e introiucticn. tD

thi.-s chatEr. We are rot exierts or, tne .M1 S system. '.E ca n,

howEvEr, make a fewm com,;ieztz on 2abI-j XII and WE are SurE

that those wmho are experts can use tie results contair'e4 in,

la;)iE XI: tc draw mncre iL-depth conclusions on the systEm.

Ne SEE that the ccntrolil Frocesses, i.e., FecuEst

E reparation and Post Erocessing, S ;EnLAd Very little tiZE in

nrocessiry the retriEVal C E uest. 7;iis is a Major iESljn

oal cf IMES and is rEeSSary to prevent a bottlerEck at the

contrcl.LEr when the Lumber of Lackends increases substaz-

tially. It apears tiat this gaa is met successfully. WE

also observe that the results obtained from Ccrcurxe~cy

Contrcl are consistert and cf short duration. ahi S is

1expected sinrce there is only one requaest in the s~stEm at a

time 3n. nc access ccrtenticn, can occur. These tatles should

then tE considered as containing the oEst-case timEs. T hec

mdjority of work done ina t he b ac:en d is a t F Eccr "

Frocessing. Observing the r oc ess timin~s i n Feccrd

P rocessing, we sEe that, for tcth re.-aests, the additicn c-4

an Extra hackend rfduces the recori p~rocessing time by

rearl half.

C C. 'lEE ?ESSAGE FROCEESING RESULTS

latlE XIII provides some average tines relatinc to

inter-prcceS MESSa E 'aS Si n,) times on the control.'ler and

08



*M~ ABLE X11

Mes~geHandlin Routine
Processing limes for a trieval Request

I. ----- __ -__-__---- I
?ZB~S MeEase F Ce, pes t One T W':

I cce~s H Ha rd 1.nj I1utte: 3ac'kend Back- n-sj
11Roine I 1K Recozdsj 1K F. EC r~s I

3uctnEeccrd Con I.00IIC1I IFE~ratio :o Pcst Procl 2 3. 0000 0.3000 I

I Parse 1 I0.)20) 0.-19- I
jlraf I ic Unitj 2 1 0.)18J 1 0-~165

IIIBrcadcast 1 0.)025 0 .C 2 5
1 RECUeSt 2 I0.0065 I 30

7C1 )5.J465 osc i

E IC lE S..n EEUltS .4 2 J.3890 0 .8 13

Di 1et 1 0.3516 O .0566 I
I Ike 2 10.05b6 J.050-6
Cid Set 53 J.349C I

Lcei2- 1 0 .J4 5 0 I0.0433 I

IcDescriptor 1 nr', 0.02
Ids 2 i ,a0.

CcncurrEncy Cids for 1 342'. 0. 04

DdSets 1 1 0.3J566 1 0.040EI
I~a.,i Unitl 2 1 3.0503 1 0.0516 I

Di Set.s 1 O .3025 1 .0316 I
I RelEased I 2 10.0008 O .0006 I

locissang 2iccess I 1 6462 6117

___~ z witL2L . 4 050 0.034<
Di sk Add re s 20043 OC8

4In p u tO utput 2 0 .)783 .07251



I TABLE XIII

I Inter-prccess Sessage Passing Times p

lI eto Time to Time to
ILocation Cosrc Rec e.iVe Pass

Mesag Messa-e essa,:e

i Ct oler0.0024i9 0.00267 1 .00520
Eackend 0.00830 J.10410 I0.01250

the taCKEnd. Messages are transmitted betweeE two j rccEsses

CE hcth thE ccrtroller and lackend. 30th th,-e LUXLer of

MessaSes and the aEssage .lengta are varied. on the

contrcller, the LumlEr of messages is varied fLrom 1 tc 100

while thE zessage lErgth is varied from 2 to 2300 I;tes

(SiZE of the messagE zuffers in 3)BS controller) . Or. t he

C Ldc .Erd, tLE numter cf messages is varied from I to -10 wriile

the XESSaIE length isE variEd from 1 to 1000 bytes (size of

t-he mEssagjE buffer in IDBS tackends) . It takes the hackEnl

tw'ice asE lorg to jrocess a message as it dcez t h

corntrcliLEr. we LelitvE thl-e reason t3 te hardware IrCCEscr

Eijee ~.Ar inde-endfzrt test showed that this reiaticnrip,

cf, t'.C to Cne, holds in how lonj it takes to prccEss ar.

a--siLmErt s;titement cn the rtespectivte tardware.



i 7aLle XIV We irovide information concerning the time

to prcccss inter-com~uter messages on tae PCL. Messages 3f

length less than forty are overshadowed iy the overlread of:

the PCI. There exists a linear relationship between the

message Ienth and tIe time tc pass a message as the me-sage

length exceeds 100 bytes. We can therefore expect a linear

*erfcra ace from the PCL for the majority of the M1D2 inter-

comi.uter mESsages. The next chapter will contain scme

concludirg remarks and discuss areas for furthEr researcn.

TAELE XIV

I Inter-conjuter hessage Passing Times

Lengt2 Pa ss ChaLse
(Byts) lessage

IC 0.0949 0.0000
20 1 0.0951 0.0002

I I 30 0.0954 0.0003]1 4C 0.0957 0O.3303
5C 0. 1005 0.0008

6C 0.1011 0.0006
, , 70 0.1018 0.0007I 8 C 0.1023 0.005

C . 1029 0.00061lCt O . G--6 0.0007

2C 0.1136 0. 0100
3CC 1 0.123-z8 3.3102
4I 0 01339 0.3010 1o0.31o0

1000 o. 1943 o. Jo4
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711I. THE CONCIUSIJN

A. A SUMMAEY OF THE EEFORMA14CE MEASUREMENT M-THCLCICGY

1. L- In t e L ,a ~Etriormar.ce . asizement :1etacdc2.ccl

CID] L. E ii t Er na I rifcrnarcE measuiremer.t rnEth-cdCIC3Y

Erovi2:ESz ttE strcitegiEs and iccations for tnie j iaCEIEr.t Of

cneckicirtz. it further provides the kinds of pErfcrzanc _

data tc LE coIIECted4. This iniornatI.or enadbles a hEtter

u n d ErEtanr. r.Jf th E targEt systeM by aEasuring cettaiL

capaf-IiiEE, s u c as the time spent in inaividua!

p r-,E E S U SinI this information of: how th"ae systez

per foirms iztecnal11y :ray lead to design modilications cr to

fine-turirj of t: e svc-tem for increased erformaicE.

:h. 7I~ xterna. ~E(rformancE measurement Aethodclcqj

111E external perf cr.aance MeaZUrCM::;t- MEth,:-Cl'Cj-,

ErovidEs tI.E stratEcies for a macro view of triE datarast_

zystEx pe-rfcrziai-cE? by measuri.n. the system as a wholE. 74e

focus c:, thE ai in of the response tiae oz the tar jEt

ZSstEiI diter ti.te 15suance oz- a ze~uest. A test datatasE ana

a tes t r6_-ucst _sEt %LZ generatE3 usin, software toolzi.

-. Cc m'La in thE Internal and ~xterLa 1 Ye a sar ea t:r.t

:he ratar ccmbination of the interrai ad txtErnial

FerfQr~dLCE ZnezS-1:em0Eit methodolopies is synergistic ir the

anoint c: ia-o .:aticn that is rovided. L,' : cvezIEad

iLcurrEa 4hr us~nj irterrnal Ierformarnoe measurement ccudZ i-S

accliratel-i t -,:; : I" Us sin gthis Lactaolioiojy COMLInatrcn.

"The cxtczna. -. rfamr uct z-easuremcnt trIminys car, LE jrciErly

i:Lter~~ usi3 the interual perrocmance esrmt

9 2



I:esulits. Ey comibining tlhe twc measarem, nts, tfne unol'= of

the mEasuzement results i s aor c- ,kea r.in iu a nd 5zit-afl

4 tie ircividuaI resultE.

B. A SUMMAFY OF THE PETHODCLCGY APPLICATION

Thlrillirg and unEx~ected results are collected vhhE thi.1s

aethcdclcgy is app'iEd to a tar,;et system, i.e., MDS

Fir s t, th E methodclcgy proves itself (to he succtssiul in

atteimting to verify the performance and capacity claizs of

LMDB S. This results froiL Jteizg able tc collect sufficiEnt

data cn a targ~et system to ma-re definitive stateaezts

COflCEF.iffl its pcrfoz~xance. The application of tii metfhod-

clo~y tc M1DES is alsc surprisingly easy.

A SECCnd result, is that tne performance and capacity

claims of MIEBS have IEEnI validated. Thiese claims are: 1)

that hy inc reasing tle number of tackends used as a fart co-

the databaSE system and by keepin~j the size of the dataLaste

constant, the respcnse time of the same trarnsacticEE is

propcrticrially dEcreased, and 2) that by incrEasin~ h

number: cf tacke:nds and also increasing the size of the Cata-

Lase, the response time remains riiatively constant. EThe

4 claims are validated ty the results jiveL. in Chaptcr VI.

Lese siectacular results provide a WEaith ot irfcrza-

tion frc-i which several conclusions can LE ma de . VE Lind

that under MDBS, the resonsE-time i-njrovEment increaSEsQ as

tiIe numIer of records retrieved increases. Alsc, the

zespcsEE-tiae reducticn decreases as th,,e number of, records

retriEvEd increases. T h o u gI the iperftormar~ce MeasirtmELt

results indicate an iaproveiment in tlk: rteSpon'Se timrE CZ tht-

re~juestS When the internal performance mt-asuremtrnt scoftware=

is part cf MiEBS code, it is felt tnat ta;iS FhtenOMEnol, 1S th,2

result of differing system overlays and that the ir. Uced'

cverhEad of internal measuremaent code still Lt-e-]s tc b,=

calculatEd.



IhE rEs'aits Of t he i n terL-4a A pe rf o a 4.:; E aEas ur zc.-t

in-diAcatE t 1at. the ccntrollEr poce sse s, -A L -_us z

Preparation and Pzost Erocessi.,-, s e:..; vezry l t tle c ti-J t~

PrOcEss the rEtrieval re~uEst. :~res;.lts oD t a in :-rEdo.;
Concurrency Cont-rol are toth consistent arid o f short dra-

tion , as Expected. The zesu.Ats also --now tiat the,- ma ;oritY

W-- c.- wcrk is be ing d-cre in Fecord ?rocessr. a nd tI-a t te

addition of a backend reduices the record ;rocessir. tizie

nearly halt. WE discovered that it takes the LackEr ' twic--

as longj tc procEss a message as it does the cc:.trcllEr,

POSSibly dUE to hard hare p rocEssor s2cc.;. Finally, t :±cr~

c.xistz a linear relationship LEtween tre messa~e an-'

t.oe tizE tc pass a zEzsage as the aessage len,,tn -xcEE- s 1LID

C. FICCMMENDAT-ICNS ICR FUTURE EFFORTS

Future improvements can he made in to-E FerforlnCL Leas-

11C e mEnrt mnEthodoJlogy ty thfe a jro ma tiocn or the E x Is tI z

Cexternal softwarE tOCIs. Scecif-icaiiy, thE a-hility tc smtart

a test which will execute a prE- deter mined set Of re-uestE a

pre-dEtElrlined number of times for each rE~uest, a.;, coll1,ect

th,-e results in a LIE is a dEsireahle f1Eature.

*Additionally, since the methodOiOjy is intended to be:

general in use, t1E methodology needs6 to be ap iiE2 to

aifferEnt database E~stems to dizsoovez its da.plIcazil.Lt;,

Ease of use, and usefulness in overall perzormancE ZE3a!E-
ment cf the target S EtEM.

1r. tEerM Of the aplc inof tils Metf!Odolog y to ":D-S,
a ccapi~tE and thorough- test 0. the1, s s t t- nEEds to b

Conid uc tE . A n exhaustive te s t on ZIS woui.l d i n c!i

conducting test with datahas-es th at niave varyingj rtccr

sci zes. f ~urtler, tESting thE SVSttO , VdLVIrg tl-e- PlU '. on

diJrectory attriliates, 2escri~tors, uni ;l-ustters wculd a.;i

Li



catE tE rCIle of tn Itirctcr iata in t . Zn.it,

Ifi(tE, ar.d ujaate zediests inst aisJ L neasJe L t

I aisccVfz their iMjact or. s ystez jer:rnaxce. Eas:, 

asUfEuE Lt sould bE ext Ez,- r t sr .LIDS wi. :i it j2 .,
ston ca r'-menor v-basE d di eC to r, iar~a .2t :'-ocess.

'4
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